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Tue development of the child in the 
iterus has long been made the subject of 
areful study. Probably a scientific 
uriosity has led many to study a stage 
n human development so hidden from 
rdinary observation. But from birth 
n the development of the child is open 
to the observation of all. It has been 
taken for granted. Its changes have not, 
intil reeently, been analytically investi- 
vated. Now a beginning has been made. 

The proportions of the new-born babe, 
vith its big head and short extremities, 
ire very obviously different from those 
if the adult; but again these differences, 
bserved for millennia, have only re- 
‘ently been measured. As for the 
‘+hanges at adolescence, though noted by 
the mother whose son outgrows his clothes 
before they are worn out, their analysis 
has hardly begun. Precise measurement 
of all these changes is called for. 

The earliest measurements on child 
growth were apparently made on the 
tacit assumption that there was a more 
or less uniform object—‘‘the child.’’ 
This child underwent changes in size and 
development. But since ‘‘the child’’ 
was subject to accidental fluctuation in 
development, the proper picture of the 
way this ‘‘child’’ grows is given not by 
measurement of one child, but by measur- 
ing many children, massing and aver- 
aging the measurements. Even this pro- 
edure met with the difficulty of the 


proper way to mass data. Commonly the 
age is taken as the basis of groupi 
but it has been properly urged that 
children differ so in speed of growth 
that stage of development is to | 
sidered in massing. But such a pro 


cedure meets with even greater dif 


ties. Gradua ly The eonvi n has 
dawned that ‘‘the child’’ as revealed by 
mass statistics of any sort 1s a bit « 

fiction. Reality is found only in the 


growth changes of in 
Mary, John, Greta, Hans, Giovanna, 
Antonio, Rose and Isidors 

As a part of a program to learn how 
individual children grow and especially 
how their proportions change the 


surements made upon the heads of a 


large number of children followed for 
a number of years (in extreme cases 
during 14 years) were assembled and 
generalizations drawn from them. The 


American Philosophical Society under 
took to publish the results. Some of the 
findings may have a general interest 

and consequently are recounted here 
The human head is an extraordinar 
7 


Ss re 


organ both on account of 
great size and because it encloses man’s 
relatively large brain and carries his 
relatively reduced face. At the end of 
the first quarter of intrauterine develop 
ment bony plates begin to be found 
around the brain, but these are not 
united until some months after birt) 
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This delay in ossification is a clear adap- 
tation to the birth process in which, of 
all parts of the child, the head offers the 
greatest difficulties. It is the great size 
of the head of the new-born that offers 
such difficulties. At birth the head has 
acquired nearly 66 per cent. of its adult 
size; by the end of the sixth post-natal 
month 80 per cent.; while at birth sta- 
ture is only 40 per cent. of completion. 
Growth of the head, especially of the 
brain case, is the most precocious of all 
parts of the body. Why is this? Of 
course we don’t know all the cireum- 
stances that have led to the great cranial 
precocity of the new-born. But we can 
see some reasons for it; and these are 
mostly reasons why the brain should be 
so precocious. Indeed, at birth it consti- 
tutes about 12 per cent. of the weight of 
the body, while in the adult it consti- 
tuteS only about 2 per cent. It seems 
probable that one reason is that the brain 
must be ready to perform a large part 
of its functions at birth. To be sure 
the average baby at birth is not able to 
be as active as a new-born colt. In its 
helplessness it is more like a puppy. 
But its senses become quickly functional. 
It looks at a bright light shortly after 




















FIG. 1. CHANGE WITH AGE OF INDEX 
CURVES OF MEAN CHANGE WITH AGE OF THE CE- 
PHALIC INDEX OF NORMAL WHITE NORDIC CHIL- 
DREN. ABSCISSAE: AGE IN YEARS. ‘‘0,’’ BIRTH. 
ORDINATES: THE CEPHALIC INDEX, OR THE PER- 
CENTAGE RATIO OF HEAD WIDTH/HEAD LENGTH. 
SOLID LINE, BOYS; BROKEN LINE, GIRLS; DOTS, 
MEANS OF BABY BOYS, BIRTH TO 34 YEARS; CIR- 
CLES, BABY GIRLS; X AND + MALE AND FEMALE 
OLDER CHILDERN. 8S, CHANGE OF INDEX WITH 

AGE OF FEHMARANER (SALLER). 


birth. It may react to sounds wit! 
few days after birth. The sense of 
is usually well developed. The nip) 
clearly felt. The neuro-muscular s\ 
is developed enough to function in 
ling and in the movement of the ext; 
ities. The latter movements, ind 
precede birth for some weeks. W 
limits the neonate is a going concer 
Another reason why the brain 


s 


large at birth may be because it has s 
much to do in the course of develop: 
to be ready for more complicated m 
function such as speech and all the | 
reactions. It is estimated that ther 
13,500,000,000 neurons (or nerve 
and their fibrous prolongations) in 
human cerebral cortex. Then ther 
additional hundreds of millions ii 
cerebellum. In order that these s} 
be pretty generally available befor 
child begins to walk at one year t! 
velopment of the brain has to begin « 
and proceed rapidly—more rapidl) 
all other, less complex, organs. 


f 


The brain case not only enlarg 
the first few months after birth, but 
above all in the first 





changes shape 
days after birth. This change of sha 
well shown by changes in the cep! 
index, which gives the relation of lh: 
width, above the ears, to the head len 
On the average before birth the 
decreases until at birth the head is r 
tively elongated (dolichocephalic 
parently in adjustment to the space 
the uterus. During the days of adjus' 
ment to and accomplishment of the birt 
process the head is rendered temporari 
more brachycephalic as that shape fi 


better the pelvic canal. For the nex! 
few months the head elongates again but 


subsequently tends, on the average 
become relatively wider (Fig. 1). 
The brain case is, indeed, not the rig 


thing that the dried skull is. During 


infancy and childhood it is responsi 
to a changing environment. If the i 
fant lies with the back of the head sun! 
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n a soft pillow, or if it is fastened to a 
hoard with the occiput resting on it the 
head becomes flattened behind. But if 
t lies on the side of the head it tends to 
hecome longheaded. This has been dem- 
onstrated experimentally However, 
the difference thus induced becomes 
mostly smoothed out in later childhood 
unless the pressure has been too pro- 
longed or too rigid, as happens in flat 
headed Indians and Armenians. The 
plasticity of the skull is shown by the 
fact that the distance above the ears 
decreases when the child begins to walk, 
owing to the pull of gravity, and when 
a boy jumps from the shed roof to the 
floor the form of the head may be tem 
porarily changed by the blow received at 
the base of the brain case. In fact, all 
the way to puberty the boy’s skull tends 
to flatten more and more at its base 
doubtless due to gravity (Fig. 2 

Even in the early teens of children, 
after the bones of their skulls have come 
more or less in contact, the sides of the 
skull changes shape owing to the circum- 
stance that the bone that carries the in 
ternal ear grows faster in front and 
below than in other radii so that the ear 
opening tends to move backward and 
upward. By this process the part of the 
head behind the ear ceases to grow as 
fast as it otherwise would (Fig. 3). 

The form of the brain case is, as is 
generally known, very different in dif- 
ferent races of the Old World. Thus the 
Negroes have a relatively long skull 
The inhabitants of southern Germany 
and Switzerland have short skulls. These 
differences are apparently due to dif- 
ferent methods of growth of the brain 
itself around which the case is molded 
The brain case undergoes great modi- 
fications from the standard owing to de- 
fects in the growth process of the brain 
and bones of the skull. Thus in hydro 
cephalics (with water on the brain) the 
skull is greatly enlarged, whereas in 
microcephalics the brain case remains 
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FIG. 3. EAR OPENINGS 
CURVES OF MEAN CHANGE WITH AGE OF THE POST- 
AURICULAR TO MAXIMUM HEAD LENGTH. THIS 
SHOWS THAT THE PART OF THE SKULL BEHIND 
THE EARS BECOMES RELATIVELY LESS FROM 4 TO 
10 o8 12 YEARS. EVEN LATER THE EAR OPENINGS 
TEND TO MOVE BACKWARD SO THAT THE POST- 
AURICULAR INCREASE IS LESS THAN IT WOULD 
OTHERWISE BE. 


an inch. The whole frontal bone is re- 
modeled during this development of the 
frontal sinus. The frontal sinus seems 
to have no important function in man. 
There is nothing gained by its presence, 
so that children who have no frontal 
sinus seem to function quite as normally 
as those who have. It is probably a 
rudimentary organ which was useful in 
the anthropoid apes with their heavy 
skull bones, just as the sinuses in the head 
of the elephant makes its weight toler- 
able; but in man where the skull is bal- 
anced on the end of the vertebral axis 
the weight of the skull becomes a rela- 
tively unimportant matter. 

In the development of the head the 
changes in the face are very marked; 
indeed, one of the principal differences 
between the heads of the anthropoid apes 
and man is the great reduction of the 
face in the latter. In the baby at birth 
the face is, indeed, a very small part of 
the head, as it is also in newly born 
anthropoid apes. But whereas in the 
young ape the jaws develop rapidly and 
to great extent, in the child they remain 
always relatively reduced. The nose is 


perhaps the most prominent part of 
face of the child. This develops s| 
and reaches a degree of protrusi 
attained in the apes. 

Changes in the form of the face 
largely due to the development of 
jaws as the teeth are successively | 
duced in them. Especially as the per 
nent dentition becomes functional 
the three molars are formed the jaws | 
gin to move forward. At the same ti: 
the great development of the maxi 
sinus pushes forward still more the 
per jaw to keep up with the growt! 
the lower jaw. Perfect occlusion « 
jaws requires a harmony in the dev: 
ment of these two independent reg 
It is perhaps not strange that wi 
frequently find a lack of harmony in | 
ple, with lower jaws receding or s 
times protruding, as is most strikir 
seen in the bulldog. 

Of the facial features one of the most 
striking is the pair of eyes. The hu 
eyes have undergone a great change 
position from that of very remote a) 























FIG. 4. GROWTH OF HEAD GIRTH 
INDIVIDUAL CURVES OF GROWTH OF HEAD GIRTH 0! 
TWINS AND SOME SPECIAL CASES. THE CURVES 
OF THE TWINS LIE MOSTLY CLOSE TOGETH 
CURVES 1, 2, 3 ARE OF CRETINS (LARGE HEADs 
V.R. IS THE CURVE OF A MICROCEPHALIC. ITS 
SLOPE OF INCREASE IS AT 17-19 YEARS EV 
GREATER THAN THAT OF THE NORMAL CHILDREN 
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rs. The eyes were originally paired 
vans as we see in fishes and even in 
the lower mammals, like horses. During 
human ontogenetic development the eyes 
hecin as organs on the side of the head 
and gradually move to a position such 
that they look forward. This 
is not completed at birth. The angle 
subtended by the optic nerves passing 
from the brain to the 
tinues to diminish to puberty. 
due to the 


processes, one of 


pre CeSS 


two orbits con- 
This re- 
interaction of 
erowth which brings 
about the enlargement of the face as a 


suit 18 two 


whole and specifically in the transverse 
diameter and the other a tendency of the 
orbital angle to diminish. The first 
process tends to separate the eyes, the 
latter to bring them together. The ap- 
proximation of the eyes is brought about 
in two ways. First, by the elevation of 
the root of the nose the skin is pulled 
away from the inner angles of the eyes. 
This happens in the case of European 
children, but in the case of the eastern 
Asiaties, where the root of the nose is 
shallow, a fold of skin persistently cov- 
The sec- 


ond process affects the nasal and orbital 


ers the inner angle of the eye. 


bones, also partly in consequence of the 
reconstruction of the root of the nose. 
Thus the eyes, while separating as the 
head grows, separate less than the rest of 
the face and so the angle of divergence 
is reduced. Thus in a baby who was 
measured at 145 days after birth and 
again at 711 days the interorbital angle 
was reduced from 55° to 48 

Changes such as appear in the ex- 
ternal dimensions of the skull case and 
the face are appearing also in the in- 
ternal structure of the skull. Thus the 
pituitary body lies near the center of 
the head in the middle plane. It is 
largely imbedded in the sphenoid bone, 
one of the hardest bones in the body, and 
it is partly encapsuled by a bony wall. 
The size of this capsule (called the sella 
turcica ) 


(Fig. 5). 


is very variable, being twice 
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as great in some children as others 
This variation in size of the sella is as 
sociated with variation in size of the 


pituitary body This 
vields hormones of very 
for the normal development of the child 
However, the size of the pituitary body 
is probably not more important than the 
quality of the secretions 
that the 


size of the 


duces So correlation between 
pituitary body and the size 
of the body as a whole is not very large 


Ni Ww 


individual 


studies of the 


children 





202 THE SCIENTIFIC MONTHLY 


number of years in the pre-, middle-, and 
post-adolescent periods, show that the 
volume of the size of the sella turcica 
may change regularly, generally increas- 
ing, with the growth of the body as a 
whole. However, in some cases the size 
of the sella turcica may actually dimin- 
ish so that there is a readjustment of the 
hard bone in that the sella contracts to 
constitute a better fit of the shifting 
size of the pituitary body. It is well 
known, on the other hand, that the 
pituitary body may become enormously 
enlarged by the formation of a tumor in 
it, and under those circumstances the 
sella turcica becomes enlarged to meet 
the changes in size of the delicate 
pituitary body. 

All these observations on the develop- 
ment of the head point to one conclusion, 
that there is first of all a set of internal 
directing forces in the growth of the 
brain and all the bones and other tissues 
of the head. These are the genetical 
factors. These developmental growth 
processes are, however, constantly af- 
fected by environmental conditions so 
that the growth may be modified by these 
changing conditions. Throughout de- 
velopment the living bones show them- 
selves very plastic and able to reconstruct 


themselves as conditions demand, and 
the individual bone will adjust itself + 
the growth of adjacent bones and other 
tissues. The bones even respond to th 
pull of muscles and are largely molded 
by such pulls. 

During the early stages of develo; 
ment the internal processes in the de 
velopment of the head of the child show 
themselves to be much the same as the 
early processes in the head of the 
anthropoid apes. As later developmenta 
processes appear the development of th: 
skull leaves the ancestral path and 
strikes out in new lines, thus establis! 
ing the particular form of the human 
head. The path along which the huma 
head develops even in its later stages is 
not a single one, however, as there are 
marked differences associated with sex 
race, general physical and mental de 
velopment and with varying functioning 
of endocrine glands and other growth- 
modifying processes. The whole study 
brings out clearly the fact that birth is 
only an incident in the development of 
the human being and that the post-natal 
changes which have been hitherto so 
much neglected are as real and in many 
eases as profound as some of the pre 
natal ones. 
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THE DISTRIBUTION OF HUMAN GENES 


By Dr. HERLUF H. STRANDSKOV 


DEPARTMENT OF ZOOLOGY, UNIVERSITY OF CHICAGO 


INTRODUCTION 


Man is an extremely variable species. 
He ranges from one who is short to one 
who is tall, from one who is white to one 
who is black, from one who is color-blind 
to one who has normal color vision. This 
list of man’s variable characters could 
be extended almost without end. 

One of the interests of the human 
geneticist is to find out which of man’s 
variable characters have a_ hereditary 
basis. By this is meant to find out which 
of man’s characters vary as a result of 
variations in hereditary factors. Char- 
cters may also vary as a result of varia- 
tions in environmental factors, but a 
study of the role of these factors is pri- 
marily the concern of the human ecolo- 
gist. 

Having decided that a particular char- 
acter has some hereditary basis the 
human geneticist proceeds to determine 
the exact manner in which that variable 
character is inherited—to decide whether 
it is inherited as a simple Mendelian 
dominant or recessive or in some more 
complex Mendelian way. Frequently 
this is not an easy task, not only because 
the mode of inheritance may be complex 
but also because man’s own biological 
characteristics make it a difficult one. 
His generation span is long and his fam- 
ily size is small. Furthermore, society 
imposes certain restrictions upon the hu- 
man geneticist. He is not permitted to 

order matings to test his hypotheses. 
However, despite these handicaps and 
restrictions, the human geneticist has de- 
termined the exact manner in which a 
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fairly large number of variable human 
characters are inherited 

In recent years the human geneticist 
has developed a new interest He has 
become interested in the distribution in 


populations throughout the world of the 


hereditary units or genes of the variable 
characters whose inheritance he has es 
tablished. His goal is to know the dis 
tribution of all human genes in all popu 
lations—the distribution in all small 
local communities, in all cities, in all 
nations, in all races, in all primary 
human stocks and eventually in the pop 
ulation of the entire world 

Perhaps it is appropriate at this point 
to outline briefly what is meant by the 
distribution of human genes To the 
person who is familiar with the laws of 
heredity this discussion will seem super 
fluous, but to the one who is not, it may 
serve a purpose. Every human indi 
vidual develops from a fertilized egg or 
zygote. In that zygote are present pairs 
of hereditary units or genes for all of 
man’s inherited variable characters 
There are pairs of genes present because 
the sperm and the egg contribute each 
one set. Just how many pairs of genes 
exist in the hyman zygote is not known, 
but the number probably runs into the 
thousands. <A knowledge of the exact 
number is not essential to our discussion 
All that needs to be appreciated is that 
every inherited variable human character 
is represented by one or more pairs of 
genes. (Some characters may be af 
fected by several pairs and one pair may 
affect several characters.) The members 
of a given gene pair may vary. in differ 
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ent individuals. For a given pair an 
individual may possess two similar genes 
or two different genes. For instance, if 
the genes of a given pair are represented 
by the symbols A and a, then an indi- 
vidual may possess two A genes (AA), 
two a genes (aa) or one of each kind 
(Aa). It will be obvious that if a popu- 
lation consisted of 100 individuals, 90 of 
whom were of the AA type and 10 were 
of the aa type, then the frequencies of 
the A and a genes in that population 
would be 90 per cent. and 10 per cent., 
respectively. Likewise, if a population 
consisted of 50 individuals, 2 of whom 
were of the Aa type and 48 were of the 
aa type, then the frequencies of the A 
and a genes in that population would be 
2 per cent. and 98 per cent., respectively. 
In the determination of the frequencies 
of the genes of a variable human char- 
acter it is not possible to count the genes 
as such, but if the mode of inheritance 
of the character is known, and if the fre- 
quency of the character in a population 
is determined, then it is possible to caleu- 
late the frequency of the gene or genes 
for that character in that population. 

To date the distributions of only a 
small number of human genes have been 
studied and each of these in a very lim- 
ited way. However, some of the studies 
are very interesting and informative, 
and it is with a few of these that I wish 
primarily to deal in this article. First 
I shall present some of the data which 
have been collected and then I shall at- 
tempt to relate the observed distributions 
to well-known evolutionary processes. 


Couor VISION 


One variable human character whose 
mode of inheritance has been established 
and whose gene distribution has been 
studied to some extent is man’s color 
vision. As every one knows, most per- 
sons can distinguish all the colors of the 
visible spectrum from violet to red. 
They are said to possess normal color 


vision. A few can not distinguis} 
tween the red and green colors.  T| 
are said to be red-green color-blind 

Color-blindness has _ probably 
present in the human species from ti, 
immemorial, but its discovery dates 
back only to the eighteenth or poss 
to the seventeenth century. At least } 
my knowledge no record of its o 
rence appears in the literature pri 
that time. In 1684 Dr. Tuberville 
ported to the Royal Society of Lond 
patient who could not distinguish co! 
There is some question whether this pa 
tient was red-green color-blind or 
some other eye defect. A more certa 
case was reported in 1777 by Mr. Hud 
darts. In 1794 the English che 
Dalton announced his defective co! 
vision. His announcement created 
much discussion that red-green ¢ 
blindness has frequently been referr 
to as Daltonism. While I have no obj 
tion to a character of man being giv 
the name of a chemist, the appellat 
seems inappropriate not only because 
is not descriptive of the anomaly but a 
because Dalton was probably onl) 
tially color-blind. 

That red-green color-blindness has 
hereditary basis was realized soon aft 
its discovery. Its exact mode of 
heritance, however, was not establis! 
before 1910 or 1911. At that time it b 
came appreciated that red-green color 
blindness is inherited as a sex-linked 
recessive character. By this is meant 
that the gene for color-blindness (c) 
earried in the X-chromosome and 1 
this gene does not express itself except 
the absence of the gene for normal « 
vision (Cb). 

As early as the middle of the nin 
teenth century attempts were made 
estimate the frequency of red-gree! 
eolor-blindness in various populations 
throughout Europe and the United 
States. Most of these estimates wer 
inaccurate, due either to smallness 
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number tested or to unreliable ways 
of determining the character. Oddly 
enough, one estimate was made by a poet 
and found its way into poetry. In 1878 
the American poet Oliver Wendell 
Holmes wrote inquiringly as follows: 
Why should we look one common faith to find, 
Where one in every score is blind? 

If here on earth they know not red from green, 
Will they see better in things unseen? 

Holmes’s estimate of one color-blind in 
every twenty is nearly correct. It is es- 
pecially so if we have in mind a typical 
American population. In other popula- 
tions, as I shall point out later, the fre- 
quency may be considerably different. 

An interesting feature of red-green 
eolor-blindness is its greater rarity 
among women than among men. Fora 
long time it was believed that this differ- 
ence was due merely to a greater famili- 
arity with colors on the part of women. 
Colored yarns were used for testing pur- 
poses and it was thought that some color- 
blind women recognized red and green 
colors even though they did not see them 
as such. We know now that this ex- 
planation is not the correct one, and that 
the real explanation lies in the manner 
in which color-blindness is inherited. 
According to theory, the frequency of 
a sex-linked recessive character, among 
the. females of a population in which 
mating is at random, should be equal to 
the square of the frequency of the char- 
acter among the males. Thus, if 10 per 
cent. (1/10) of the males of a population 
show a sex-linked recessive character, 
then only 1 per cent. (1/100) of the fe- 
males should show it. 

In Table I are given the percentage 
frequencies of color-blindness among the 
males and females of a number of popu- 
lations from various regions of the world. 
This list does not include all the studies 
which have been made, but it does in- 
elude most of the recent ones in which 
Ishihara’s color charts have been used 
for diagnostic purposes. It would be 


desirable to have this list extend: 
ticularly welcome would be 
Africa, Italy, India, Japan, 
England, and also from 
cially distinct populations 
icas. 

Table I also gives 
quencies of the color-blind 
and of the normal color vision gene 
in the populations listed These 
centage frequencies are not 
rately, but they can be read directly 
from the frequencies of the character 
among the males. The frequency of a 
sex-linked recessive gene, in a pop ulation 
mating at random, is the same as the 
frequency of the character among the 


males of that population. Thus, for in 


stance, if 10 per cent. of 

population show a sex-linked 
character, then the frequency of 
linked recessive gene for that char 
is 10 percent. It follows, of course, t! 
the frequency of the sex-linked domina 
gene for the opposit o iaracter 1s YU 
cent. 

Let us examine the percentage fre 
quencies given in Table |] It will be 
seen that the frequency of color-blindness 
among the males of Norwegian and Ger 
man populations is about 8 per cent 
This means that there are in these popu 
lations about 8 ecolor-blind genes (cb 
for every 98 normal color vision genes 
(Cb). Other studies indicate that these 
frequencies hold for most north Euro 
pean countries. As shown in Table I 
they also hold for U. S. Caucasoids. A 
somewhat lower incidence is recorded for 
American Jews and American immi 
grant Spaniards when they are con 
sidered independent of other American 
Caucasoids. Among U. 8S. Negroes the 
color-blind gene (cb) is only about half 
as common as it is among U. 8S. Cauea 
solids; consequently, there are propor 
tionately only about half as many color 
blind Negroes in the United States as 
there are Whites Among Chinese the 
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rABLE I 


FREQUENCY OF COLOR-BLINDNESS AND OF THE COLOR-BLIND GENE (CB) IN VARIOUS POPULATIONS 


Population Investigator 


Norwegians (Oslo) WwW 
Germans 

Caucasoids, U. S. (Unselected) 
Caucasoids, U. S. (Unselected) 
Caucasoids, U. S. (Jews) 
Caucasoids, U. 8S. (Spaniards) 
Mexicans (Old Mexico) 
Mexicans 

Negroes, 

Negroes (South U 

Negroes (North U. 8S. 

Chinese (Chengtu) 

Chinese 

Indians, 

Indians 

Indians (Navajo) 

Indians (mixed blood) 


Males Females 
Number Per cent Number Per « 
tested color-blind tested colo 


9,049 *S.0 9,072 
2 000 0 3,000 
795 4 232 
1,286 2 rT 
200 0 175 

q 5 3.8 390 
104 

169 


480 


* The percentage frequency of color-blindness among males is also the percentage frequency 


color-blind gene cb in the population 


Ch =Chang, Cl =Clement, G=Garth, K—B=Kilborn and Beh, M= Miles, P=von Planta 


Waaler 


color-blind gene has a fairly high inci- 
dence. Its frequency is about midway 
between those of U. S. Negroids and U. S. 
Among U. 8S. Indians its 
incidence is the lowest found in any 
group so far. 

Probable explanations for the distri- 
butions of the color vision genes and 
those of other characters will be reviewed 
later. 


Caueasoids. 


Asiuity To TASTE 

Another human character whose exact 
mode of inheritance has been established 
and whose gene distributions have been 
studied to some extent is the inability to 
taste the chemical phenyl! thiocarbamide. 
(We shall refer to this chemical as P. 
T. C.) About ten years ago a chemist 
was preparing some P. T. C. in one of 
America’s chemical laboratories. While 
doing so some of the chemical escaped 
into the air and a co-worker complained 
bitterly about its taste. This complaint 
surprised the first chemist, because he 
was not aware of any taste. In fact, he 
could not taste the substance, even 
though a considerable quantity of its 
crystals was placed upon his tongue. To 
decide who was the odd or peculiar indi- 
vidual the two chemists called in several 


other men to act as jurors. To the as 
tonishment of all present some cou! 
taste the chemical while others could 1 
To all those who could taste it, the tast: 
was bitter. The rest could taste nothi: 
News of this striking difference amor 
human individuals reached human 
neticists. It aroused their interest, a) 
soon thousands of people were tested 
their ability to taste P. T. C. Inasl 
time it was discovered that about 70 } 
cent. of American people are P. T. C 
‘‘tasters’’ and 30 per cent. are ‘‘no! 
tasters.’’ These studies also reveal 
that the inability to taste P. T. C. has a 
familial incidence and that it is inherited 
Matings b 
‘non-taster”’ 


as an autosomal recessive. 
tween ‘‘non-taster’’ and 
give only children who are ‘‘non-tast 
ers,’’ whereas matings between ‘‘tasters’’ 


‘ 


or between ‘‘non-taster’’ and ‘‘taster”’ 
may give some children who are ‘‘tast 
ers’’ and some who are not. 

In Table II are given the percentage 


frequencies of ‘‘taster’’ and ‘‘non-tast- 
er’’ groups in populations from various 


regions of the world. The frequencies 
for the ‘‘taste’’ gene (7') and for the 
‘‘non-taste’’ gene (ft) are also give! 
These gene frequencies have been calcu- 
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Caucasoid 
Caucasoid 
Southern 
Northern 
Semenites 
Arabs (58; 
Egyptians 
Negroes, | 
Japanese 
Chinese 

Formosan 
Formosan 
Indians F 
Indians }\ 


CC 
Peter, L- 
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ated directly from the ‘‘non-taster’’ not been studied extensively, but wl 
group. Ina population in which mating inheritance and whose gene distribution 
s at random the frequency of an auto- should prove of interest to many. Some 
somal recessive character should repre- years ago it was discovered that the pit | 
sent the square of the frequency of the of the human voice is influenced by one 
sutosomal recessive gene. Thus, if the major pair of autosomal genes Inter 
frequency of the autosomal recessive estingly enough, these genes express 
haracter is known, it is possible to cal- themselves differently in the two sexes 
wate the frequency of the autosomal A man who is the * tl 
recessive gene by extracting the square similar genes (V"V 
root of the frequency of the recessive a woman who is the possessor 
haracter. For example, if an auto- two genes sings soprano 
somal recessive character has a frequency which follows are given the 
f 25 per cent. (1/4) in a population § ing from the various gene co 
ating at random, then the frequency of Vos Vbe | 
the recessive gene in that population is Mak _— Rarit 
90 per cent. ( 1/2). Femalk Soprano Mez 
It will be seen that the ‘‘non-taste’’ 
gene (tf) is about equally common in 
Caucasoid and Negroid populations. At 
least there is no striking difference be- 


| be obvious 


From the table above it wil 


' 
that a marriage between a basso and a 


soprano can give only children who sing 


bass or soprano: and a marriage between 
tween these two groups. Among Mongo- 
ee aie - a tenor and an alto ¢: rive onl 
loids it is somewhat rarer. Of interest ‘ 
“6 . ¢ , dren who sing tenor 
is the uniformity of the ¢ gene frequen- heats 
. . - aritone ane a meZZosoprano 
cies among all Mongoloids Even the ; 


full-blooded American Indians have 
about the same ‘‘non-taste’’ gene fre- 


to produce a quartet 
Although the distributions of t 
soprano gene V") and of the tenor-alto 


= do Japanese and Chinese pop- vene (Vs have sts Rteats st 
ie sively, there is some evidence 

former has a higher incidence 

Here I should like to call attention to ern Europe than it does in 


a variable human character which has other Mediterranean countries 


TABLE II 


FREQUENCY OF THE PHENYL THIOCARBAMIDE ‘““TASTER” AND “NON 
T AND t GENES IN VARIOUS POPULATION 


Number 


Population Investigator tested 


Caucasoid, U. S 
Caucasoid, U. 8S. ...... 
Southern Jew (Palestine) 
Northern Jew (Palestine) 
Semenites (Palestine) 
Arabs (Syria) 

Egyptians 

Negroes, U. S. (Alabama) 
Japanese 

Chinese 

Formosans (Aborigines) 
Formosans (Chinese origin) 
Indians F. B. (U. 8S.) 
Indians M. B. (U. S.) 


C-—C = Chen and Chain, H—C = Howard and Campbell, H—M = Hickman and Maree 
Peter, L-A = Levine and Anderson, P = Parr, R = Rikimaru, S = Snyder, Y = Yunovitch 
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versely, that the latter has a higher inci- are found in the blood serum. Thy 
dence in southern Europe. As yet no lationships of these substances to 
studies of the distribution of V" and V“ groups are shown in the table yw 
genes in the United States have been follows: 
made. Blood group Isoagglutinogen 

THe A—B Buioop Groups AB A and B 
A A 
B B 
O None 


Of all human characters which have 
been proved to have a genetic basis, the 
A-B human blood groups have been 
studied the most, not only with respect It will be noticed that if an isoage] a 
to their importance in blood transfu- nogen is present in the red blood cells ny 


Indians, 


sions, but also with respect to the distri- an individual, then the corresponding Indians, | 

butions of the genes responsible for them. isoagglutinin is absent in the serum o! iediena, 

These studies have literally run into the that individual. In blood transf 

hundreds. Many of them have not been the important consideration is not t 

extensive, but when they have been care- troduce isoagglutinogens in the blood 

fully done, they have contributed some- the donor which will be agglutinated 

thing to our knowledge of human gene _isoagglutinins in the blood of th 

distributions. cipient or host. respons 
Human bloods, as every one knows As was implied in an earlier statement Bloo 

from his acquaintance with blood trans- the A-B blood groups have been s| 

fusions, fall into four major groups. to have a hereditary basis. Furt 

The names given to these four groups more, they have been shown to be 

are: AB, A, Band 0. These names are _herited in accordance with a theor 

given on the basis of (1) the presence or triple allelomorphs. By this is me 

absence of one or both of two agglutin- that a given locus on a chromosom 

able substances (isoagglutinogens), A represented by three different ge 

and B, which are found in the red blood which can combine in all different w 

cells, and (2) the presence or absence of in groups of two. The three genes 

one or both of two agglutinating sub- sponsible for the four human bik 


g 
stances (isoagglutinins), a and b, which groups have been called the 4, the J® a resentat 


: in Tabl 
TABLE III he f 
the rrec 
FREQUENCY OF BLoop Groups AB, A, B AND O AND oF THE BLoop Group Genes, I4, I® anp i 
IN VARIOUS POPULATIONS renes. 


—— —==— sme -aleulat 


Gene quencie 
percentages : 


AB A [8 mate of 
a - 67 be obtai 


Investi- Number Group percentages 


i , 
Population gator investigated 


Caucasoid, U. S. Ss 20,000 
Caucasoid, U. 8. S: 3,000 ¢ 
Germans (Heidelberg) .... 500 t 
Germans in Hungary WwW 176 B and 
Hungarians r—-W 500 ; 
Gypsies (Hungary) y—W 385 from 1]. 
Hindus (N. India) ,000 e 
Negroes (West Africa) ... 325 ‘ 2: 2: 5: 3 ‘. frequen 
Negroes (U. 8.) Sn 500 ; ; . 69 by extr, 
Japanese (Ou district) ... F 24,672 : 3 2: : 26 18 ov y extri 
Chinese (Peiping) ,000 - . : < h of the 
Chinese (Hunan) L—-C 500 : ‘ 3 : ! 

Indians F. B. (Peru) L 200 0 and sub 
Indians F. B. (U. 8.) Sn 453 - 95 ‘ 
Indians F. B. (Blackfeet)... = M—L 294 = finally, 
Indians M. B. (Blackfeet). . M 235 2 51 . 


the s 


a) 


wwe he 


the 2 ve 
D=von Dungern, F = Furuhata, H—-H = L. and H. Hirzfeld, L = Larreta, L-C Li Chi Pan. L a Lewis ing fro 

and Henderson, L—-W =Liu-Wang, M = Matson, M—L = Matson, Levine and Schrader, Sa =Sanfor . e.. 

Snyder, V—W = Verzar and Weszecsky. requen 
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TABLE 


SHOWING THE FREQUENCY OF THE BLOOD G 
GENES A™ AND A® IN VARIOUS PopPt 


. , Investi Nt 
Population at-ode 


1 
] 


Eskimos 
Indians, 
Indians, F. B. (Blackfeet) 
Indians, M. B. (Blackfeet) 


4—-L = Allen-Larson, Bk = Blaurock, By Blinov 


Haschimoto, K=Kubo, L—L=Landsteiner and Levin 


T-P = Taylor and Prior 


the i genes. The following table shows 
the gene combination (or combinations) 
responsible for each group: 
Blood group Gene combination 

AB [A4[B 

A JAJA or JAi 

B ]8]B or [® 

O ut 

As indicated in an earlier paragraph, 

hundreds of studies on the frequency 
f the human blood groups have been 
made. It would be neither possible 
nor appropriate to introduce all of them 
here. A few have been chosen for rep- 
resentative purposes. These are given 
in Table III. In Table III are also given 
the frequencies of the three blood group 
genes. These gene frequencies have been 
‘aleulated from the observed group fre- 
quencies. According to theory an esti- 
mate of the frequency of the J* gene may 
be obtained by extracting the square root 
of the sum of the frequencies of groups 
B and O, and subtracting this result 
from 1. Likewise, an estimate of the 
frequency of the J® gene may be obtained 
by extracting the square root of the sum 
of the frequencies of groups A and O 
and subtracting this result from 1. And 
finally, an estimate of the frequency of 
the 1 gene may be obtained by subtract- 
ing from 1 the sum of the calculated 
frequencies of the J‘ and the J® genes. 
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I\ 


rourps MM, MN anp NN AN 


LATIONS THROUGHOUT 


imber 


investigated 


OLN 
(Hn 
504 
569 
205 


14 


0 
i) 


( =Combined result 


M-—S = Matson, Le 


Among northern Eur 
Caucasoids the i gene has a frequency 
of about 66 per cent. As a result nearly 
half of the people of these populat ns 
belong to group O. The J® 
other hand is comparative 
populations and \ 
group and also the 
In southern and ) 
the J® gene is more comm and the [4 
gene is less com! | ve 
genes are in northern Europe. Among 
Negroids the ¢ gene is apparently slightly 
more common than it is among Cauea 
solids. The J* gene frequency on the 
other hand is relatively low Among 


Mongoloids the A-B blood rroup genes 
are extremely variable in frequency 
Among Chinese and Japanese the J‘ and 
I® gene frequencies are relatively high 
The J* gene is particularly common in 
comparison with its frequency among 
Caucasoids of northern Europe. How- 
ever, it is not more common among these 
populations than it is among the Cauca 
solids of India. Among some Indian 
tribes of the United States and of Peru 
the J* and ]® genes are nearly absent 
In fact, it is believed by some that 
they are completely absent among full 
blooded Indians of these tribes. Among 
the Blackfeet Indians of the U. S. North 
west, on the other hand, the J‘ gene has 


; 
. 
. 
. 
, 
" 
. 
. 
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the highest frequency that has been dis- 
covered for any human population, be it 
Mongoloid, Negroid or Caucasoid. 


THe M—N Buioop Groups 


In addition to the four A-B blood 
groups, and entirely independent of 
them, human bloods fall into three other 
classes. These are the MM, the MN and 
the NN groups. The M-N groups differ 
from the A-—B series in that their ag- 
glutinating substances (agglutinins) are 
never normally present in human blood. 
They must be induced in the tissues of 
other animals. 

The M-N blood groups are also in- 
herited, but in a manner somewhat dif- 
ferent from the A-B series. The three 
M-—N groups are dependent upon the 
presence or absence of one or the other 
of a pair of genes called the A” and the 
A" genes. The table which follows shows 
the gene combinations responsible for 
the three groups: 

Blood group Gene combination 

MM AmAm 

MN AmAn 

NN AnAn 
Neither the A” nor the A" gene is domi- 
nant over the other. Matings between 
individuals of group MM and of group 
NN produce children all of whom belong 
to group MN; and matings within the 
MN group preduce children + of whom 
are expected to belong to group MM, 
4 to group MN, and } to group NN. 

In Table IV are given the M—N group 
frequencies and the A” and A" gene fre- 
quencies for a number of populations. 
The A™ and A” gene frequencies have 
been calculated directly from the group 
frequencies. Since neither the A” nor 
the A" gene is dominant over the other 
it is possible to obtain the gene frequency 
of a population from the group fre- 
quencies. In any population the A” 
gene frequency equals the MM group 
frequency plus 4 the MN group fre- 


quency; and the A" gene frequ 
equals the NN group frequency | 
the MN group frequency. 

It will be evident from a stud: 
Table IV that the A” and the A 
frequencies are nearly the same 
majority of all Caucasoid, Negroid 
Mongoloid populations. The p 
showing the greatest deviations fro) 
average are the Ainu and the Esk 
of Greenland. The Ainu have a 
tively low A™ and a relatively hig! 
frequency, while the Greenland Esk 
have a very high A” and a very low 
frequency. The American India: 
semble the Eskimos of Greenland so 
what in having a relatively high A 
a relatively low A" frequency. Howe 
the deviation from the average is 1 
creat for the Indians as it is for 
Eskimos. Since the Blackfeet Ind 
have been shown to differ so striki 
from other Indian tribes in their J‘ ar 
gene frequencies, it is an interesting 
that they are very similar to ot} 
dian tribes in their A” and A" gene 
quencies. 


SHAPE OF Rep BuLoop CELLS 


The distributions of the genes for 
eral other inherited human charact 
could be reviewed, but only those of 
more will be mentioned, namely, 
for the shape of human red blood 
The red blood cells of certain hum: 
dividuals become ecreseentic or s 
shaped when their blood is exposed 
side of the body to certain special 
Some individuals whose b! 


+} 


ditions. 
shows these peculiar cells are ane! 
consequently, the character was 0! 
nally called sickle-cell anemia. Ane? 
however, does not always accompany 
character; therefore, it seems more 
propriate to refer to the characte! 
as sickle-shaped erythrocytes. Sick 
shaped erythrocytes is of interest 
human geneticists because it has b 
proved to have a hereditary basis, a 


, 
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so because it has been found only 
ymonge Negroes. 

According to the few genetic studies 
which have been made, sickle-shaped 
rvthrocytes is inherited as an auto- 
somal dominant. The dominant gene 
tor sickle-shaped ervthrocytes has been 
illed the St gene, and the recessive gene 
for the opposing normal red blood cells 
the si gene. Only a few estimates of the 
frequency of sickle-shaped erythrocytes 
have been attempted, but all these indi- 
eate that about 7 per cent. of all Ameri- 
can Negroes possess this character. If 
this estimate is correct, then the Si 
} id the si genes have freque neies in the 
Ameri can Negro population of about 4 

cent. and 96 per cent., respectively 
As far as I am aware, no studies have 
been made of the incidence of sickle- 
shaped erythrocytes in Africa. Such 
studies woud be interesting and welcome 


PROBABLE EXPLANATIONS 


Having reviewed in a somewhat sum- 
mary fashion the observed distributions 
of the genes of a few variable human 
characters, I shall attempt to account 
briefly for these distributions in terms 

well-known evolutionary factors. No 
final answers can be given, but a few 
probable explanations can be presented. 

At the basis of all genetic variability 
and consequently of all gene distribu- 
tions is the factor of genetic change. 
Without this factor operating there 
would be no genes to be distributed. 
Without it there would be no human 
species, not even lower forms as we know 
them—probably no life at all. 

Genetic changes are fundamentally of 
two kinds: Those which represent visible 
changes in the larger units of the cell, 
calied the chromosomes, and those which 
represent changes in the ultimate hered- 
itary units or genes. The former are 
known as chromosome mutations and the 
latter as gene mutations. We shall be 
concerned primarily with the latter, not 
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be explained? (2) 
low frequencies of 
gene mutations be a 
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a species is an important factor in its 
If it occurs be- 
fore a species has become separated into 
numeorus distinct populations it has a 
better chance of becoming universally 
distributed than if it occurs later, for it 
can be carried directly by all populations 
as they radiate out from the ancestral 
stock. Regarding the human gene mu- 
tations whose distributions have been 
reviewed, there is reason to believe that 
most of them appeared early in the evo- 
lution of man. The only exception is 
probably the Si gene for sickle-shaped 
erythrocytes. Since this gene is found 
only among Negroes, it seems probable 
that it represents a mutation of rela- 
tively recent origin. 

The best available evidence that some 
of the observed human gene mutations 
are of ancient origin is given by the A-B 
blood group genes. According to sev- 
eral investigators the Anthropoid apes 
possess A and B isoagglutinogens which 
are serologically identical with those 
found in man. Even all the four blood 
groups found in man have been discov- 
ered for the Anthropoid apes. This fact 
can only mean that these first cousins of 
man possess blood group genes identical 
with or at least very similar to those 
present in man; and it suggests strongly 
that the mutation or mutations which are 
responsible for the blood group genes in 
both lines occurred early in the common 
ancestral stock. There is even a sugges- 
tion that these mutations may have oc- 
curred earlier in the evolutionary history 
of mammals, because there is some evi- 
dence that A—B blood groups exist below 
the primate branch. 

A gene mutation need not necessarily 
occur in the ancestral stock of a species 
in order for it to become universally dis- 
tributed. It is possible for it to be dis- 
tributed as a result of migrations and 
intermarriages. While this is a possible 


subsequent distribution. 


explanation for the common occurrence 
of a number of human genes, it is not a 


very probable one for the universal! dis. 
tribution of most of the mutations w! 
have been reviewed. Intermarriages } 
tween different primary human stocks 
have not taken place to this extent in + 
remote or even in the recent past. H 
ever, it seems certain that this factor y 
play a greater and greater role as 
passes. With modern methods of 
munication and travel this can n 
prevented. For instance, it seems 
tain that the sickle-shaped erythro 
gene (Si) will eventually filter into t 
Caucasoid and Mongoloid stocks. 

Another way in which a given kind 
gene mutation may become universa 
distributed, without appearing as a | 
sult of a mutation in the common ances 
tral stock or as a result of intermarriages 
between populations, is for the sa 
mutation to appear in all populat 
There is ample evidence from studies 
with lower forms that this may vc 
Duplicate gene mutations have even | 
reported for man. For instance, 
gene for normal blood clotting (#7) |} 
been reported to mutate in different 
populations to the gene for haemop! 
(h). Some investigators are ol 
opinion that the occurrence of dup! 
gene mutation is the most probable ex 
planation for the universal distribut 
of the blood group genes among hw 
populations and also for their com 
occurrence among Anthropoid apes a1 
man. While I admit this possibility 
am inclined to believe that the ancestr 
mutation hypothesis is the mre pro! 
able. I recognize, however, that some 
the blood group genes which are fou 
in both Anthropoid ape and hun 
populations may represent recent mute 
tions. 

The second question which is to 
answered concerns the high and low 
quencies of the different observed hu: 
mutations. How are the high freque: 
cies of many of the observed gene muta 
tions to be accounted for? Many peop! 
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ire of the opinion that if a new character 
appears in a population and that if it 
has a hereditary basis, then it will auto- 
matically persist and increase in fre- 
quency. This is an unwarranted as- 
sumption. Heredity in and of itself does 
not insure persistence of a new mutation 
nor does it by itself bring about an in- 
rrease in frequency of that mutation. 
Such inereases, if they do oceur, are due 
to other factors. 

Among the more important factors 
which may lead to a persistence and an 
nerease in the frequency of a new muta- 
tion is Natural Selection. Gene muta- 
tions are random or nearly random in 
nature. They apparently bear no spe- 
ifie relationship with the environment 
n which they occur. Since they are ran- 
lom or at least nearly so it is not sur- 
prising to find that most of them have a 
negative survival value for the individ- 
ial or the species in which they occur. 
By negative survival value is meant that 
they tend to produce individuals who 
will not survive as readily or leave as 
many offspring as the individuals who 
show the character of the original gene. 
Obviously such mutations which have a 
negative survival value will tend to be 
eliminated from a population. 

A fairly large number of the muta- 
tions which occur are said to be indiffer- 
ent. By this is meant that they are 
neither selected for nor against. Such 
mutations should remain constant in 
frequency so far as natural selection is 
concerned but may disappear or increase 
in frequency for reasons which will be 
presented later. A few mutations have 
1 positive survival value. By this is 
meant that the individuals who show the 
mutations will tend to survive to a 
greater extent than the individuals who 
show the character of the original gene. 
Naturally such gene mutations will tend 
to increase in frequency in a population. 
It does not follow, however, that all of 
them will survive. 


Of the human gene mutations whose 
distributions have been reviewed, only a 
few seem to have a higher or lower sur 
vival value than the genes from which 
they mutated. These are the color-blind 
gene (cb) and the sickle-shaped erythro 
cyte gene (Si). It seems probable that 
in a primitive society the color-blind 
gene (cb) may have a slightly lower sur 
vival value than the gene for normal 
color vision (Cb This may account for 
its relatively low incidence among full 
blooded Indians and among Negroes 


Their civilizations in which selection 
might have operated against the ch gene 
are more recent than those of the other 
peoples whose gene frequencies have been 
studied. It might seem to some persons 
that in a modern society which em] S 
red and green a mand vg ive sign ls 
selection would also operate against the 
cb gene. The opposite is probably t: 

Color-blind men are not allowed to drive 
locomotives and other vehicles of traffic 
Furthermore, it has been a custom in the 


past to exempt color-blind men from 
active participation in wars and other 


hazardous activities. Such exemption 


would naturally tend to increase the 
frequency of the cb gene. Recent dis 
coveries may alter this trend. It has 
been reported recently that color-blind 
men can spot certain bombing objectives 


from the air more readily than men with 


normal color vision. If this should turn 


out to be true, then there may be a 
special demand for color-blind men in a 
very hazardous occupation and the fre 
quency of the cb gene should then de 


crease. 


The Si gene appears to have a negative 


survival value because anemia is fre 
quently associated with the sickle-shaped 
erythrocyte condition I must admit 
however, that I do not know to what ex 
tent this form of anemia leads to deat] 
or to decreased reproductive capa 


but it seems probable that it does ) 


some extent. 


oree weet ue & 





214 THE SCIENTIFIC MONTHLY 


There is one more of the introduced 
variable human characters whose genes 
may have a differential survival value. 
This is the pitch of the human voice. It 
seems probable that either the _bass- 
soprano gene (V") or the tenor-alto gene 
(V“) may have a lower survival value 
than the other, but in view of a possible 
storm of protest, I shall not voice an 
opinion against the one or the other. 

A number of attempts have been made 
to establish a differential survival value 
for the blood group genes. But to date 
no positive or negative survival value has 
been found for any one of them. Like- 
wise no differential survival value has 
been discovered for the ability or inabil- 
ity to taste the chemical phenyl thio- 
carbamide. 

If selection has not been responsible 
for the high incidence of most of the 
gene mutations whose distributions have 
been reviewed, what factor has? Per- 
haps the most important one has been 
recurrent mutations. We have already 
pointed out that the same mutation may 
occur in different populations. Natur- 
ally if this is true it may also recur in a 
given population. If a certain mutation 
recurs very often in a given population 
it will increase in frequency in that pop- 
ulation in the absence of selection. It 
may even increase in the presence of a 
low selection pressure. As far as I am 
aware there is not much direct evidence 
that the blood group genes or the taste 
genes are mutating, but this is not sur- 
prising in view of the fact that these 
characters are not detected unless special 
tests are used. Other mutations like 
haemophilia are known to recur fairly 
frequently. In fact, it was the gene for 
which was esti- 


normal clotting (f7) 
mated to mutate to the haemophilia gene 
(h) as often as once in every 50,000 indi- 
viduals per generation. 

Although recurrent mutations as a 
factor have been given credit for many 
frequencies of 


of the observed high 


human mutations, it must 

pointed out that a gene may have 
effect which has a positive survival ya! 
even though the character assoc 

with it does not. 
tiple effects and their most import 
effects are frequently not discover 
Thus natural selection may frequent 
be playing an 
Furthermore, it should be emphasiz 
that the positive survival value of a ¢ 
need not be very great for a marked 
crease in gene frequency if a long ti 


gene 


Many genes have 


unsuspected 1 


is allowed for selection to operate 

The third question which is to b: 
swered concerns differences in the 
quencies of a given gene in diffe: 
populations. For 
planation can be offered for the comp 
absence of the J* gene among Indians 
Peru and the high incidence of the s 
gene among the Blackfeet Indians of 
U. S. Northwest? Perhaps the 1 
probable explanation for a number 
these differences is the matter of cl 
If an original large population has 
fairly high incidence of a given mutat 
and if from that population a num! 
of small populations migrate to dist 
regions, then there is the possib 
merely as a result of chance, that 
group will carry away a high freque: 
of the mutation and another a low 
It seems probable that this is at least 
partial explanation for the blood gr 
frequency differences among Indians 
probably also is the best explanation 
the high A™ and the low A” gene 
quencies of the Eskimos of east 
Greenland. 

If the group which migrates from 


; 


original population is large or repress) 


tative of the population as a whole, t 

the gene frequencies in the new popu! 
tion should resemble closely those of t 
old or original one. Examples of t! 
are common. The similarity of the blo 


instance, what ex 


group gene frequencies of the U. S. \: 


eroes and those of West Africa is a ¢ 
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in point. Two other interesting illustra- 
tions were brought to light some years 
ago. In 1922 two investigators tested 
the bloods of a colony of Germans who 
were living in Hungary but who were not 
intermarrying to any extent with the 
surrounding Hungarians. When their 
blood group frequencies were calculated 
they were found to resemble more closely 
the blood group frequencies of the Ger- 
mans of Heidelberg, from where their 
ancestors had migrated 200 years 
earlier, than the frequencies of the sur- 
rounding Hungarians. The same two 
investigators tested the bloods of a colony 
of gypsies, also living in Hungary with- 
out intermarrying with the Hungarians. 
When their blood group frequencies 
were calculated they were found to re- 
semble more closely those of the Hindus 
of North India than those of the Hun- 
garians. The interesting part of this 
story is that when the history of these 
gypsies was checked it was found that a 
philologist had decided, on the basis of 
their language, that the ancestors of this 
particular gypsy colony had migrated 
from North India 500 or more years 
earlier 

Another possible explanation for gene 
frequency differences in different popu- 
lations is for the same gene to have dif- 
ferent mutation rates in different popu- 
lations. Such mutation rate differences 
have been reported for genes among 
lower forms, but there is no direct evi- 
dence of such mutation rate differences 
in man. It is true that one geneticist 
has used this explanation to account for 
the high I* gene frequency among the 
Blackfeet Indians and the low frequency 
of the same gene among other U. S. 
Indian tribes. While I must admit this 
explanation is a possible one, it does not 
appear to me to be the most probable 
one. 


Of course, if a gene has a positive or 


a negative survival value and if two 


populations exist under different envi 


ronmental conditions, then selection 
alone may be responsible for the f1 
quency differences. As was pointed out 
in an earlier paragraph, this seems a 
probable explanation for some of the 
observed frequen differences 


color-blind gene 

Many more factors and combinations 
of factors could be brought forth as pos 
sible and even as probable explanations 
for some of the observed gene distribu 
tions, but with only a limited amount of 
data collected such detailed discussion 


seems Too speculatiy 


THe VALvEe or HuMAN GEN] 


DISTRIBUTION STUDIES 


Ahi 


Undoubtedly the greatest value of 
human distribution studies will be to a 
clarification of human racial interrela 
tionships and to an understandu 
human evolution in genera However! 
human distribution studies may also 
have some practical value. It would 
seem that they may be of some value in 
the formulation of medical and other 
social programs. There appears to be 
some value in knowimg the percent 
children who will be born each year with 
haemophilia, with sickle-shaped erythro 
eytes, with color-blindness or with any 
other of the d I nner | human 
anomalies All 1 all, the study of 
human gene distributions p1 ses } 
one of the most fruitful avenues of re 
search which has been opened up in the 
field of human bi v within recent 
vears. It is a tremendous project which 
requires and deserves the joint co 


tion of the human geneticist, the physi 


clan, the anthropologist, the human 
ecologist and any other person who is 
interested in the story and the welfare 
of the most interesting of all animals, 
MAN. 
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THE NORMAL BURNING OF GASEOUS 


EXPLOSIVE 


MIXTURES 


I. Explosions at Constant Pressure and at Constant Volume 


By Dr. ERNEST F. FIOCK 


PHYSICIST, NATIONAL B 


INTRODUCTION 

In a recent reference book called 
‘*Combustion Flames and Explosions of 
Gases’’ Lewis and von Elbe! make the 
following logical subdivisions in the field 
of combustion research: (1) the kinetics 
of reactions in the gas phase, usually 
involving studies of reactions which take 
place simultaneously throughout all the 
gas mixture, (2) the passage of flame 
progressively through the gas mixture, 
with consequent existence of a surface 
or region of demarcation between the 
burned and unburned gases, and (3) the 
state of the burned gas. 

Since the scope of the present report 
must be limited, and since the experience 
of the author has been in the field involv- 
ing progressive flames, the discussion 
will be confined, for the most part, to 
the second of the three phases mentioned 
above. Further limitation is made by 
including only explosions involving nor- 
mal burning, that is, burning in the ab- 
sence of detonation, except in the case 
of combustion in the engine cylinder 
where detonation or knock has been the 
principal subject of investigation. 

It may not be amiss to begin with a 
brief historical background, recalling the 
principal elements of the foundation 
upon which recent studies of the com- 
bustion process are based. The follow- 
ing section is a digest of a detailed pres- 
entation made by Bone and Townend.? 


1B. Lewis and G. von Elbe, ‘‘Combustion 
Flames and Explosions of Gases,’’ London: 
Cambridge University Press, 1938. 

2 W. A. Bone and D. T. A. Townend, ‘‘ Flame 
and Combustion in Gases,’’ London: Longmans, 
#reen and Company, 1927. 
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UREAU OF STANDARDS 


HISTORICAL 


Judging by modern standards, it 
pears that the earliest truly scientifi 
studies of flame and combustion were 
made by Robert Boyle and his pupils 
about 1630, more than one hundred 
years before the discovery of oxygen. In 
1665 Robert Hooke, one of Boyle’s 
pupils, published a treatise showing 
heating certain combustible materials 
either in air or mixed with niter pro- 
duced a ‘‘shiny transient body which we 
eall flame, which is nothing but a mix- 
ture of air and volatile constituents o! 
combustible bodies acting upon ea 
other as they ascend.’’ Nine years later 
John Mayow, also a pupil of Boyle 
advanced the theory that two things 
are necessary for combustion, namely) 
flammable particles and aerial particles 
which are so hostile that they enter int 
sharp conflict when suitably brought 1 
gether, whereby they are thrown int 
violent motions resulting in the appea 
ance of fire. 

In retrospect it would seem that, had 
it not been for his death at the age of 
thirty-six, such a brilliant experimenter 
as Mayow would surely have come to 
recognize that the aerial particles which 
he postulated were a part, but not al! 
of the air, and that combustion was ! 
an interplay but the actual combining 
of the two kinds of particles. Unfor 
tunately no one appeared, either among 
his contemporaries or immediate succes- 
sors, to reflect his teachings, and another 
view of combustion known as the Phi 
giston Theory became prominent until 
the middle of the eighteenth century. 
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This alchemistic notion that combus- 
tible substances contained the ponder- 
able principle phlogiston, which, on 
rapid escape, caused the appearance of 
fire, was doomed by the discovery of 
various pure gases. In 1775 Black dis- 
covered CO, and showed that it was 
present in small amounts in the air. 
Between 1767 and 1777 Priestly and 
Scheele discovered several new rases, 
each having properties different from 
air, and laid the foundation for modern 
gas chemistry, incidentally providing 
Lavoisier with material to disprove the 
Phlogiston Theory, and enabling him to 
substitute therefor the oxygen theory of 
combustion which has since been amply 
verified. 

In the first decade of the nineteenth 
eentury John Dalton made two contribu- 
tions of importance in the field of com- 
bustion, namely the atomic theory and 
the discovery that explosions of certain 
mixtures of methane and ethylene with 
oxygen produced carbon monoxide and 
hydrogen rather than carbon dioxide and 
water. This latter observation seems to 
have been overlooked for the ensuing 
eighty years during which theories in- 
volving the preferential oxidation of 
hydrogen in hydrocarbons flourished. 

In the second decade of the nineteenth 
century Sir Humphry Davy found that 
there are certain fairly definite limits of 
explosibility for each flammable gas 
when mixed with air or oxygen, and 
that the stimulus required to produce 
ignition varied in intensity from mixture 
to mixture. A great many similar de- 
terminations of the limits of flammabil- 
ty and of so-called ignition temperatures 
have since been made. 

Since Davy had deduced that a certain 
temperature was required to ignite a 
specific explosive mixture, it was logical 
to assume that a continuous transfer of 
heat to the unburned gas ahead of the 
flame was essential to its propagation. 
Thus, when confronted with the problem 


of accidental explosions in mines, he 
saw the desirability of interposing be 
tween the most probable source of igni- 
tion and the bulk of the gas in the mine 
some material which would effectively 
reduce the quantity of heat flowing f: 

the burned to the unburned gas, and 
thus extinglish the flame near the source 
of ignition. He found experimentally 
that small tubes, particularly if they 
were good thermal conductors, did 
actually accomplish this purpose in mix 
tures obtained from mines. From small 
tubes to wire gauze was a logical step, 
and the Davy Safety Lamp resulted 
This invention, which in his own words 


consisted ‘‘in covering or surrounding 


the flame of a lamp or candle by a wire 
sieve,’’ is one of the first important 
practical results of combustion research. 

Davy’s subsequent work included the 
first recorded studies of the ten peratures 
of flames and of catalytic combustion, 
both of which are still very live subjects 
of investigation. 

The period from 1836 to 1880 has 
been frequently called the Bunsen era 
because it was so completely dominated 
by the influence of this great chemist 
and his pupils. 

Among the more important contribu- 
tions of Bunsen are the perfection of 
methods for quantitative analysis of 
gases, the application of such methods 
to mixtures of gases in the blast furnace, 
which resulted in one of the greatest 
advances in scientific metallurgy, and 
the development of the gas burner which 
still bears his name. Some of his other 
reports contained the first recorded mea- 
surements of flame speeds and of maxi- 
mum pressures developed during explo- 
sions in closed containers, with the flame 
temperatures calculated therefrom. All 
of these measurements have been re- 
peated at subsequent intervals as im- 
proved methods were devised and as new 
sources of error were revealed 

As is always the case during a period 
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of rapid advance, there appeared dur- 
ing the Bunsen era a number of theories 
which later had to be discarded. Most 
conspicuous were those which postulated 
the preferential combustion of hydrogen 
and which led to the conclusion that the 
law of mass action did not apply to 
gaseous explosions. Many investigators 
were misled because they were not aware 
of the possible effects of water vapor and 
of catalytic reactions, of which the latter 
may be a function of the particular 
apparatus. Unfortunately, these same 
pitfalls are not always avoided even 
to-day. 

However the studies of explosions 
themselves, together with important 
contributions in related fields, such as 
Deville’s investigations of thermal dis- 
sociation and accurate determinations of 
heats of combustion by Berthelot, Julius 
Thomsen and others make the Bunsen 
era stand out as the period during which 
was laid the real foundation for modern 
theories and endeavors in the field of 
combustion. 


DEFINITION AND DIscuSSION OF TERMS 


Before proceeding further it may be 
well to pause for a brief discussion and, 
where possible, a definition of some of 
the terms which will be used most fre- 
quently in what is to follow. A number 
of these terms may be defined specifi- 
cally, while many others do not seem to 
have universally accepted meanings. So 
far as is known the following definitions 
are comparatively free from serious ob- 
jection. 


1. Flame is gas rendered luminous by combus- 
tion or heating. 

2. The flame front is the boundary surface 
between the luminous region and the dark region 
of unburned gas. 

3. The reaction zone is the region of in- 
homogeneity in which homogeneous unburned 
charge is transformed into combustion products 
in chemical equilibrium. 

4. The spatial velocity of the flame is the 
velocity with which the flame front moves in a 


direction normal to its surface, relative to a 
fixed point in the explosion vessel. 

5. The transformation velocity is the velocit 
at which the flame front advances into the 
burned charge in a direction normal to its sur 
face, that is, the linear velocity with which th; 
unburned charge is transformed chemically. 

6. The gas velocity is the velocity with w! 
the flame front is transported bodily in a d 
rection normal to its surface by mass mot 
of the gases into which it is advancing. 

7. The expansion ratio is the ratio of the 
volume of the same mass of gas befors 
after explosion at constant pressure. 

Numerous other terms such as 
limits of flammability, flame temperature 
and ignition temperature, the latter 
often further described by prefixing the 
words self, auto or spontaneous, are fre 
quently used in connection with certai 
burning characteristics. Most of thes 
characteristics have real practical in 
portance, and specific definition of th: 
terms used to describe them would be of 
great value. Unfortunately this has not 
been possible because the numerica! 
values which have been determined are 
not as yet entirely independent of 
the apparatus in which the measur 
ments were made, and arbitrary experi- 
mental methods have not been generally 
adopted. 


Tue Mopern PERIOD 


In a review of that phase of combus 
tion research which was selected for this 
report it is convenient to consider the 
advances of the last sixty years without 
further regard for chronology. Instead, 
some additional subdivisions of the field 
will be made and each will be treated 
separately. As a first step, a distinction 
may be drawn between the cases in which 
the flame is stationary and those in which 
it is in motion, as is usual during explo- 
sions. 

STATIONARY FLAMES 

The two general classes of stationary 
flames are the diffusion flame, in which 
the mixing of the fuel and oxygen takes 
place in the flam: itself, and the Bunsen- 
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type flame, in which the mixing has been 
complished before the mixture enters 
the flame. 

Diffusion flames. Common examples 
f this type are flames from a burning 
andle, oil lamp, wood or coal. As the 
name implies, the characteristics of the 
liffusion flame are largely dependent 
ipon the rate at which the mixing of 
fyel and air is accomplished in the neigh- 
borhood of the flame. The inter-diffu- 
sion of the vaporized combustible and 
the oxygen to form an explosive mixture 
s so much slower than the rate of the 
reaction that the latter is of only secon- 
lary importance. Therefore diffusion 
flames, despite their wide variety of 
practical applications, are not promising 
subjects for the study of the combustion 
process. 

Burke and Schumann* evolved equa- 
tions which are in fair agreement with 
the observed facts for diffusion flames 
ybtained by passing gaseous fuel and air 
separately, and at the same linear veloc- 
ity, through coaxial tubes. By these 
equations the effects of such factors as 
gas velocity, nature of the fuel and mix- 
ture ratio, upon the size of the flame, 
may be ealeulated. However, they in- 
volve coefficients of diffusion under the 
somewhat uncertain conditions prevail- 
ing close to the flame. 

Bunsen-type flames. In the Bunsen 
burner, in most domestic gas appliances, 
and in various welding torches the fuel 
and air are proportioned and mixed be- 
fore reaching the opening or port of the 
burner. Such devices are designed to 
burn the unconfined mixture with a 
flame which has more or less stability in 
the surrounding atmosphere. Stability 
is achieved by adequate control of the 
proportion of fuel to oxygen and of the 
rate at which the mixture issues from 
the burner port. 

The velocity of flow through the port 

*S. P. Burke and T. E. W. Schumann, 


Indust. and Engineering Chem., 20: 998-1004, 
1928, 


; 


(Sm) must exceed the transformation 
velocity (S,) to prevent the travel of th: 
flame back through the port and into tl 
mixing chamber, an occurrence « 
monly known as flash back. The mix 
ture velocity may be several times th 
flame velocity, but above a certain rat 
the flame is blown off the port. Thus tl 
characteristics of the Bunsen flame 
any mixture are largely dependent 

the rate at which it is transformed b 
flame, and studies of such flames may 
\ ield values of transformation velo 


Some of the necessary concepts may 


be introduced by considering a | 
thetical ease in which it is assumed tl 
a homogeneous explosive mixture flows 
without turbulence through a burner 
tube whose walls offer no resistance 
gas flow and neither absorb nor conduct 
heat. 

If, in such an ideal burner, the mix 


ture velocity S,, is sufficiently greater 
than the transformation velocity S,, a 
flame of the familiar Bunsen type with 
its inner cone and outer mantle may be 
established above the burner port, as 
shown diagrammatically in Fig. 1 (a 

Upon decreasing the mixture ve 

the height of both cone and mantle 
would also decrease until finally the cone 
approached a plane surface, which 
would then move down the tube as such 
For a single value of 8, the flat flame 


eould be held stationary, with a small 


mantle persisting at the burner port, as 
illustrated in Fig. 1 (b) At such a 
steady state the mixture velocity 5S 
would be identical with the gas velocity, 
S,, as defined, and these velocities would 
be equal in magnitude but opposite in 
direction to the transformation ve 
ity S:. 

Thus, in the hypothetical case, only 
the measurement of the linear rate of 
flow of the unburned mixture through 
the frictionless tube is needed to estab 
lish the value of transformation velocity 
However, in an actual tube the gas 
velocity is not uniform, but varies from 
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practically zero at the walls to a maxi- 
mum at the center, so that a plane flame 
can not be obtained by reducing the rate 
of flow. Further irregularities in the 
shape and position of the inner part of 
the flame also arise from heating the 
walls. Both of these difficulties can be 
overcome to a considerable extent if the 
inner cone is allowed to rest on the port 
of a burner, through the tube of which 
the gas flow is laminar, provided that 
proper account is taken of the shape of 
the actual cone. 

Bunsen‘ made the first recorded mea- 
surements of the speed of flame by grad- 
ually decreasing the measured velocity 
of an explosive mixture through an ori- 
fice to such a value that the flame just 
flashed back. Modifications of this 
method have been used by many inves- 
tigators ever since. 

The flash-back method of Bunsen was 
not accurate because of the variation in 
gas velocity over the area of the port. 
Later Gouy® attempted to determine the 
product of the gas velocity and the sine 
of the angle between the side and axis 
of the cone, but found that the actual 
cone of flame departed so much from a 
geometric cone that there was no single, 
definite angle to measure. It was a logi- 
cal step to consider that the speed of 
flame could be found by dividing the 
volume rate of flow through the port by 
the area of the cone of flame. Subse- 
quent measurements showed that results 
obtained by this method involved uncer- 
tainties which could be largely elimi- 
nated by taking proper account of the 
velocity distribution over the area of the 
port. 

Stevens® calculated transformation ve- 
locities from measured values of gas 
velocity and photographs of the flame 

4W. A. Bone and D. T. A. Townend, op. 
cit., p. 39. 

5M. Gouy, Annales de Chemie et de Physique, 
18: 27, 1879. 

6F. W. Stevens, Technical Report No. 305, 
Nat. Advisory Committee for Aeronautics, 1929. 


cone, upon each of which he construct 
a geometric cone having the dia: 

of the burner port as a base and ha 
sides parallel to the flame surface at t 
point where the velocity of the gas mix 
ture was equal to the mean velocity over 
the area of the port. His results wi; 
this procedure were in substantial ac 
ment with those obtained by an indepe 
dent method. 

Smith and Pickering’ modified S: 
en’s treatment of the flame photogra) 
by measuring directly the angle betw: 
the surface and the axis of the cor 
flame at the points of average velocit: 
that is, at 0.7 the distance from the axis 
of the port. In a later report, S: 
makes the following statements concer 
ing the determination of transformat 
velocities by the burner method: 


1. The numerical result is independent 
velocity of flow of the mixture, so long as 1 
flow is laminar. 

2. The result depends upon the size 
port, especially if the area of the flame is 
in the computations. 

3. Results based on appropriate m 
ments of angle appear to be a more 
index of flame speed than those based or 

4. Maximum speed mixtures give mit 
errors and are least objectionable for « 
sons between fuel gases. 

5. Although burner methods of m 
flame speed are relatively simple and the res 
directly applicable to a multitude of 
problems, the field of usefulness of the met 
appears at present to be considerably restr 


Lewis and von Elbe,® in summarizing 
the possibilities and limitations of th 
burner method for determining trans! 
mation velocity, express their impres 
sion that not all of these have been thor 
oughly explored as yet. In addition t 
values of transformation velocity, Bu 
sen-type flames have been used in obtain- 
ing information concerning both the 


7F. A. Smith and 8. F, Pickering, Jour 
Research of Nat. Bureau of Standards, 
7-43, 1936. 

8F, A. Smith, Chem. Reviews, 21: 389-41: 
1937. 

* B. Lewis and G. von Elbe, op. cit., p. 205 
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-omposition of the interconal gases and 
the temperatures which are attained 
:pon burning various combustible mix- 
tures. 

The methods of spectroscopy have 
been successfully applied in the mea- 
surements of the temperatures attained 
in both Bunsen-type’® and explosion 
flames.? Light from an electrically 
heated filament or strip is passed through 
the flame, colored by a trace of a salt 
of an alkali metal, usually sodium, and 
the combined radiation from lamp and 
flame is observed with a spectroscope. 
At filament temperatures below that of 
the flame the sodium spectrum shows the 
bright lines of emission. Upen increas- 
ing the filament temperature beyond that 
of the flame, the sodium lines become 
dark lines of absorption. The tempera- 
ture of the filament at which the change 
from emission to absorption takes place 
is the temperature of the flame gas 
through which the external light is 
passed. It is thus logical to call this 
method of measuring the temperature of 
the inflamed gases the spectral line re- 
versal method. 

By its use much information has been 
obtained on the temperature gradients 
existing throughout the volumes of vari- 
ous flames, and more on the highest tem- 
peratures which are produced with dif- 
ferent fuels, together with the effects of 
mixture ratio and rate of heat produc- 
tion upon these maximum temperatures. 


EXPLOSION FLAMES 


For the purposes of this discussion, 
explosion flames, as distinguished from 
stationary flames, include all those which 
spread throughout the available explo- 
sive mixture from a source of ignition. 
With the exception of a few cases in 
which it is only necessary to decide 
whether or not there has been an explo- 
sion, the great majority of investigations 

10 Tbid., chap 19. 


11G. M. Rassweiler and L. Withrow, Soc. 
Automotive Engineers Jour., 36: 125-133, 1935. 


involving explosion flames have required 
means for measuring the time rate of 
displacement of the flame from the point 
of ignition. 

The most widely used, as well as the 
most useful method for determining 
spatial velocity is by direct photography 
on a film moving at a known speed 
Such a picture not only serves as an 
accurate time-displacement record of the 
fiame front, but also provides for a 
visual study of the whole flame move 
ment. This method is generally used 
except in cases where insufficient light is 
emitted during the burning and where 
the introduction of a window through 
which the flame may be photographed 
is not practicable 

For flames of relatively low actini 
light, the shadow and schlieren methods 
of photography” are available. Both of 
these utilize the effect of the sharp differ 
ence in optical properties existing at the 
flame front upon light from an external 
source. The schlieren method has the 
additional advantage that it indicates 
the progress of the pressure waves 
through both the unburned and burned 
gases. 

If it is not feasible to use a transparent 
window in an explosion chamber, ioniza 


4 


tion gaps which break down or 
small wires which fuse’® when reached by 
the flame may be employed. These met} 
ods are not appropriate when the flame 
front suffers irregular changes in ve 
locity between the gaps or wires, but 
have been used in engine cylinders and 
in measuring the very high speeds of 
detonation in long, metal tubes 

In all explosions originating at a point 

12B. Lewis and G. von Elbe, op. cit., pp 
149-155. 

13K, Schnauffer, Soc. Automotive Engineers 
Jour., 34: 17-24, 1934. 

14H, Rabezzana and 8S. Kalmar, Automotive 
Industries, 72: 324-329, 354-357 and 394-397, 
1935; ibid., 81: 534-542 and 632-639, 1939 

is W. A, Mason and K. M. Brown, Auto 
motive Industries, 72: 582-584, 1935 

16W. A. Bone and D. T. A. Townend, op 
cit., p. 109. 
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of ignition, the burned and the unburned 
gas are separated by the flame front. 
Each elementary layer of unburned gas 
which is transformed by the flame under- 
goes physical and chemical changes 
which always result in a net increase in 
pressure or volume. Stated in other 
terms, regardless of whether there is a 
gain or loss in the total number of gas 
molecules, the rise in temperature upon 
burning is always sufficient to produce a 
net expansion. This expansion affects 
both the burned and unburned portions 
of the charge in proportion to their rela- 
tive volumes. Obviously that expansion 
which takes place within the flame front 
must produce an increase in the velocity 
of the flame front in space by virtue of 
the outward motion imparted to the 
unburned gas just ahead of the flame. 

Thus the movement of the flame may 
be likened to that of an airplane flying 
with a wind, the ‘‘wind’’ during an ex- 
plosion resulting from the expansion 
upon burning. The speed of flame in 
space, like the ground speed of the plane, 
is the resultant of the speed in quiescent 
gas, or the transformation velocity, and 
the ‘‘wind’’ velocity, or speed with 
which the ‘‘wind’’ transports it bodily 
forward. 

If a quiescent, homogeneous explosive 
mixture is ignited at a point, the flame 
begins to spread as a sphere with its 
center at the point of ignition.*’ It 
grows in diameter, maintaining the 
spherical shape, as long as the outward 
movement of the unburned gas is purely 
radial. The spherical shape can persist 
throughout the entire combustion only if 
the explosion vessel is a sphere with cen- 
tral ignition. For all containers in 
which some parts of the wall are nearer 
the flame front than others, the motion 
of the unburned gas will, at some stage 
of the burning, begin to vary from 
radial, and subsequently depart there- 
from at an increasing rate. 


17 B, Lewis and G. von Elbe, op. cit., pp. 
146-147. 


Thus it is fairly obvious that th, 
direction in which the unburned 


will move ahead of the flame front, and 
consequently the shape of the flame fron; 


itself, must be a function of the shape 
the vessel. 
of beautiful successive snapshots 
flame during explosions in vessels 
various sorts. These furnish visi! 
proof of the principle that the flam 
front always tends to assume the sa) 
shape as the container. 

Most photographie records of 
initial stages of explosions show t! 
for a brief interval following the passag 
of the igniting spark, the flame front | 
a positive acceleration in space, wl 
results in a curvature of the flame trac 
on a film which was moved at a consta 
speed. The diagram on the right of F 
2 shows this early period of flame tray: 
on a magnified scale. 

The straight portion of the flame tra 
SF may be extended until it intersects 
at point A the axis SD, drawn throug 
the spark S. The time interval SA is 
the increase in the duration of the ex- 
plosion caused by the initial slow move- 
ment of the flame and will be termed 
briefly the ‘‘delay.’’ 

The eurve of Fig. 2 shows that t! 
delay increases greatly as the concentra- 
tion of water vapor is reduced in equiva 
lent mixtures of carbon monoxide and 
oxygen, initially at atmospheric pres- 
sure. Reducing the pressure at constant 
water-vapor concentration also increased 
the delay markedly, but quantitative 
measurements are difficult because of the 
decrease in the actinic light emitted by 
the explosions. 

The real significance of the delay is 
not fully understood. The low initial 
speeds of flame in space appear to result 
chiefly from subnormal values of expan- 
sion ratio or transformation velocity, or 
both, which in turn appear to be asso- 

10. C. de C. Ellis and W. A. Kirkby, 


‘*Flame,’’ London: Methuen and Company, 


1936. 


Ellis'® has taken a number 
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ated with the establishment of an 
equilibrium depth and structure of the 
reaction zone. The flame front must 
travel a distance at least as great as the 
depth of the reaction zone before an 
equilibrium structure can be established. 

Pending the development of a satis- 
factory method for measuring either ex- 
pansion ratio or transformation velocity 
in the very early stages of the burning, 
the eauses of the delay period can not be 
fully demonstrated. 

Explosions in soap bubbles. One of 
the simplest methods yet devised for de- 
termining transformation velocity is the 
soap-bubble or constant-pressure method 
developed by Stevens.*® He filled soap 
bubbles with explosive mixtures, fired 
them with sparks at their centers, and 
photographed the resulting explosions. 

High speed motion pictures of a bub- 
ble explosion®® show that the spark pro- 
duces a tiny sphere of flame which grows 
steadily in size, maintaining its spherical 
form, until all the mixture is inflamed. 
The soap film preaks and collapses down- 
ward before the burning is complete, so 
that the explosion runs its course at the 
essentially constant pressure of the at- 
mosphere surrounding the bubble. 

For analytical purposes the explosion 
in the bubble was photographed through 
a narrow slit which left its horizontal 
diameter visible. The film was carried 
on a drum rotating at a known, constant 
speed about an axis parallel to the slit. 
As the diameter of the flame increased, 
its lengthening image moved along the 
film and produced a V-shaped trace 
which constitutes a_ time-displacement 
record of the flame front, a typical 
example of which is shown in Fig. 3. 

For most mixtures the sides of the V 
are practically straight, showing that 
the flame front travels at constant speed. 
This speed in space, S,, can be calculated 
from the angle, a of the V, the known 

19 F, W. Stevens, Technical Report No. 176, 
Nat. Advisory Committee for Aeronautics, 1923. 
20 B. Lewis and G. von Elbe, op. cit., p. 147. 


speed, F, of the film, and the ratio, m 
of an actual distance to the correspond 
ing distance on the film, through the re 
lation 


The maximum diameter attained by 
the sphere of hot gases may also be ob 
tained from the film. The ratio of this 
final volume of the burned products to 
that of the original bubble is the expan 
sion ratio, E, for the mixture when 
burned at constant pressure. If r is the 
radius of the bubble before firing and R 
is the final radius of the burned gas, as 
measured on the film, then 


E 
The transformation velocity, S,, is 


merely the quotient , as could be 


shown if space permitted 

A careful investigation of the possi 
bilities and limitations of the soap 
bubble method*' led to a number of 
refinements in the apparatus and proc: 
dure which improved the accuracy of 
the results considerably. Values of 
transformation velocity and expansion 
ratio were measured for various mix 
tures of CO and O,, and for these mix 
tures diluted with argon and helium 

The results show that the maximum 
value of transformation velocity occurs 
slightly on the rich side of chemical 
equivalence, but that values of E change 
very little in the neighborhood oi 
equivalence. Argon and helium have 
practically the same effect on expansion 
ratio, but a given volume of helium pro 
duces less decrease in flame speed than a 
like volume of argon. The characteris 
tics of the inert gases upon which these 
effects depend have not yet been defi 
nitely identified. 

21E. F, Fiock and C. H. Roeder, Technical 
Report No, 582, Nat. Advisory Committee for 
Aeronautics, 1935. 

22E. F. Fiock and C. H. Roeder, Technical 
Report No. 558, Nat. Advisory Committee for 
Aeronautics, 1936. 
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The principal advantage of the bubble 
method is its simplicity, since no mea- 
surement of a rapidly changing pressure 
is involved. Its usefulness is, however, 
very limited in scope, since no fuel which 
is soluble in the soap solution can be 
employed and since control of the con- 
centration of water vapor in the explo- 
sive mixture is restricted by the presence 
of water in the soap film. Because of 
the nature of the soap film, variations in 
initial temperature and pressure are also 
not practicable. 

It should be further observed that the 
measured values of expansion ratio are 
for the entire burning process, and must 
necessarily include not only that expan- 
sion which takes place in the flame front, 
but also any which may occur subse- 
quently within the burned gas. Theo- 
retical values of expansion ratio may be 
calculated from the known thermal prop- 
erties and equilibrium data on the mix- 
tures which have been studied by the 
soap-bubble method, if it is assumed that 
chemical equilibrium has been estab- 
lished in the sphere of hot gases having 
the maximum diameter. Such caleu- 
lated values are in essential agreement*® 
with the observations. 

Explosions in tubes with large surface 
to volume ratio. The literature records a 
great many observations of spatial veloc- 
ity made by firing explosive mixtures in 
tubes whose lengths were great compared 
to their diameters. To illustrate some 
of these results, the series of photographs 
shown in Fig. 4 was taken, using equiva- 
lent mixtures of CO and O, containing 
2.7 per cent. of H,O vapor in a glass 
tube approximately 1 inch in diameter 
and 20 inches long. In each case the 
tube was vertical and the lower end was 
closed. For pictures A, B, C and D, the 
upper end was also closed. For pictures 
E and F the upper end was opened to the 
surrounding atmosphere just prior to 
ignition, which took place at the lower 


23 B. Lewis and G. von Elbe, op. cit., pp. 
321-326. 


or closed end in E and at the upper o; 
open end in F. As indicated by 
dashed time records (1056 dashes yor 
second ) the film speeds were the same fo 
the first five pictures, but only } as | 
for picture F. The first glance at Fic 4 
shows that one of the principal diff 
ties encountered in the study of ex; 
sions in tubes is the vibratory characte; 
of the flame motion. 

In all of the flame records shown, ¢) 
speed of the flame is low compared + 
the velocity of sound, so that the pres 
sure gradients which can exist are | 
in character and comparatively s: 
The effects of changes in temperatur 
and total pressure upon transformat 
velocity are likewise small until long 
after the vibration has begun. There. 
fore the only factor which can decelerat: 
the flame in space is a reduction in t 
velocity of the unburned gas away fror 
the point of ignition. It is believed that 
for the closed tube, such a reduction i: 
gas velocity, and in picture A even ; 
complete reversal in the direction 
motion, may have been produced in th: 
following manner. 

Prior to the start of vibration, 
expanding flame initiates a pressure 
wave which outdistances the flame front 
because it moves through the unburned 
gas with the velocity of sound. This 
pressure wave is reflected back from t 
upper end of the tube and returns t 
meet the flame. As soon as this pressur 
front enters the burned gas its velocity 
undergoes a sudden largé increase, sin 
the density of the hot gas is about 
that of the unburned gas. This rapid 
increase probably accentuates the rarity 
of the following stratum. Into this 
rarified stratum, the unburned gas ahead 
of the flame will expand and thus ac. 
quire a backward component which 
either retards or reverses the movement 
of the flame front, and the first wave 
appears in the flame trace. 

The amplitude of a given irregularity 
in the flame trace would thus appear to 








jepend ] 


} 
the velo 


ynburne 


tion of 1 


Consk 


pressure 
tions, as 
for whit 
except ft 
explosiv 
mosphet 


place, tl 
the unb 
f the fl 
pressur 
be seen 
ymount 
burned 
This pr 
ture of 
explosit 
turn 1S 
molecul 
greater 
nearby. 
Thus 
pressul 
lower 1 
the tem 
the low 
onditi 
tude ol! 
reflecte 
front. 
tion 0! 
initial 
averag 
is less 
more t 
eling 
reach 
again 
front. 
the fle 
pressu 
seen 
Pict 
fact, 
tion 0: 











GASEOUS EXPLOSIVE MIXTURES 229 


iepend primarily upon the difference in 
the velocity of sound in the burned and 
unburned gas, which in turn is a funce- 
tion of the difference in density. 

Consider now the effects of initial 
pressure upon the character of the vibra- 
tions, as Shown in A, B and C of Fig. 4, 
for which all conditions were the same 
except that the initial pressures of the 
explosive mixtures were 1, §, and 3 at- 
mospheres, respectively. In the first 
place, the adiabatic temperature rise in 
the unburned gas, for any given position 
f the flame front, increases as the initial 
pressure is decreased. Secondly, it may 
be seen from the photographs that the 
ymount of actinic light radiated by the 
burned gas is less the lower the pressure. 
[his probably means that the tempera- 
ture of the burned gas is less for the 
explosions from low pressures, which in 
turn is to be expected from the longer 
molecular free path and consequent 
greater percentage heat loss to the walls 
nearby. 

Thus it appears that, for identical 
pressures in the explosion vessel, the 
lower the initial pressure the higher is 
the temperature of the unburned gas and 
the lower is that of the burned gas, both 
‘onditions tending to reduce the magni- 
tude of the change in the velocity of the 
reflected pressure wave at the flame 
front. Thus the amplitude of the vibra- 
tion of the flame front decreases with 
initial pressure. Similarly, since the 
average temperature of the burned gas 
is less when the initial pressure is low, 
more time is required for the wave trav- 
eling toward the point of ignition to 
reach this end of the tube and return 
again to catch and accelerate the flame 
front. The period of the vibrations of 
the flame during runs from low initial 
pressure is therefore greater, as may be 
seen in the photographs. 

Pictures A, B and C also illustrate the 
fact, already mentioned, that the dura- 
tion of the delay period becomes greater 


as the initial pressure is decreased 
While in A the flame can be seen to 
move away from the point of ignition 
immediately after the passage of the 
spark, it moves more slowly in B, and 
in C there is an interval of about 0.001 
second subsequent to the spark in which 
no flame trace is visible even on the 
original negative 

For picture D, the explosive mixture 
initially at a pressure of 1 atmosphere, 
was fired simultaneously at both ends of 
the closed tube. In this case the time 
required for the flames to traverse all 
the charge was approximately half of 
that required when the ignition was at 
one end only. The unburned gas ap 
pears to have vibrated more or less as a 
unit, since the crests of one flame trace 
are about simultaneous with the troughs 
of the other. 

For picture E the tube was filled with 
explosive mixture to a pressure of 1 
atmosphere and the upper end was 
opened to the surroundings just prior to 
firing. The only retrogression of the 
flame front occurred after it had trav 
eled about three-fourths the length of 
the tube. Since the nearest solid reflect 
ing surface was the ceiling of the room, 
about seven feet above the open end of 
the tube, it is probable that the retrogres 
sion is the result of the behavior of the 
tube as an open organ pipe. 

For picture F the tube was again filled 
to a pressure of 1 atmosphere, the upper 
end was opened, and a spark gap con 
sisting of small nickel wires was intro 
duced. Only these two wires were in a 
position to disturb the free egress of the 
burned gas. The film speed was reduced 
to one fifth that employed for the other 
records of this series. Vibrations of the 
flame front are visible throughout the 
entire flame trace, but in similar records 
made by igniting the charge with a flame 
instead of a spark these vibrations do not 
always appear until later in the burning 
process. The wires of the spark gap 
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FIG. 1. DIAGRAMMATIC REPRESENTATION OF BUN- 
SEN FLAMES IN A HYPOTHETICAL BURNER. 


may therefore have been responsible for 
the early vibrations in picture F. 

The general forward velocity of the 
flame, without regard for the vibration, 
is, in this ease, about 150 em per second, 
which, barring wall friction and heat 
loss, should be the transformation veloc- 
ity. The actual value of S, for this mix- 
ture, as observed by other methods, is 
very close to 100 em per second, thus 
showing that this particular open-end 
tube does not give reliable values of 8,. 

The reason for the higher flame speeds 
in the first five pictures compared to that 
in picture F is, of course, that all the 
expansion in the former took place be- 
hind the flame front and was effective in 
moving the unburned gas in the diree- 
tion of the flame travel. However in F 
the only motion imparted to the un- 
burned gas is that resulting from the 
reaction of the walls to the escape of the 
burned gas. 

It is hoped that the pictures constitut- 


ing Fig. 4 have illustrated the major | 
sibilities and limitations of the tube 
vessel in which normal explosions 
be observed. 

There are many recorded values** 
flame speed measured in open-end ty 
Such values of spatial velocity 
never been sufficiently free from eff 
inherent in the apparatus to be 
sidered true transformation vel 
This fact is further emphasized by 
experimental facts themselves 
show that the observed spatial \ 
for a given mixture may increase 1 
fold with tube diameter, and that d 
ent values are observed when the p: 
gation is in an upward, downward 
horizontal direction. 

The relative effects of both wall 
tion and heat loss to the walls dee 
as the tube diameter is increased, s 
the observed spatial velocities s 
approach the transformation velo 
for large tubes. In such tubes, hoy 
the difficulty of uncertain flame shay 
introduced, since ignition is hard t 
complish simultaneously over a 
surface. 

Explosions in large cylinders 
spheres. In any explosion in a clos 
vessel many complications are int 
duced by the continuously and ra 
rising pressure. However, much use! 
information has been obtained by 
ducting explosions in such vessels wit 
out photographing the flame and 
out measuring the rise in pressure 
most of these experiments it is on 
necessary to determine whether or ! 
there has been an explosion, and the « 
or ear may be adequate. 

The more important results of su 
experiments are (1) the so-called ‘‘ig 
tion temperature,’’ or temperature al 
which the reaction becomes self-propa 
gating; (2) the ignition characteristics 
and (3) the concentration limits of 1 
self-propagation of flame. 

24W. A. Bone and D. T. A. Townend 
cit., chaps. 11-14. 
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The spatial velocity of flame in closed 
containers may be measured by the 
methods previously described. In such 
vessels, however, this velocity is highly 
dependent upon the shape, so that 
numerical values are of little use unless 
the movements of the unburned gas can 
also be determined. An_ exception 
should be noted in ease all points on the 
walls of the explosion vessel are at a 
considerable distance from the spark 
gap. Soon after ignition in such large 
containers the spatial velocity attains a 
constant value which is independent of 
the characteristics of the container, and 
is a function only of the expansion ratio 
and transformation velocity of the par- 
ticular explosive mixture at the initial 
temperature and pressure. Practically 
identical values of the constant spatial 
velocity of flame in mixtures of CO and 
O, have been observed by the author for 
explosions in soap bubbles,*° in a large 
glass cylinder*® and in a steel sphere.?’ 

When it is desired to follow the entire 
combustion process from ignition to the 
walls of the vessel, it is obvious that a 
spherical vessel with central ignition 
offers the most promise, since the move- 
ments of both flame and gases are sym- 
metrical and may therefore be more 
readily and more completely analyzed. 
In other words the spherical container 
with central ignition seems to offer the 
greatest chance of minimizing the spe- 
cifie effects of the apparatus in which the 
burning takes place upon the observed 
quantities. 

Studies of explosions at constant vol- 
ume are of greatest use only when pro- 
vision is made for measuring the rapid 
rise in pressure which results from the 
burning. Some years ago the primary 

25E. F. Fiock and C. H. Roeder, Technical 
Report No. 582, Nat. Advisory Committee for 
Aeronautics, 1935. 

26 Ibid., Technical Report No. 558, 1936. 

27E. F. Fiock, C. F. Marvin, F. R. Caldwell 
and C. H. Roeder, Technical Report No. 682, 
Nat. Advisory Committee for Aeronautics, 1939. 


object of the measurement of explosion 
pressures was the determination of the 
mean heat capacities of diluent gases 
between the initial and final tempera 
tures. Subsequently this method of mea 
suring heat capacity was largely re 
placed by more reliable spectroscopic 
methods. 

Hence the more recent measurements 
of explosion pressures have had, as their 
primary goal, the determination of ex 
pansion ratio, transformation velocity 
and other quantities which appear to be 
indices of the power, performance, and 
economy inherent in the explosive mix 
tures. 

No discussion of explosions at constan 
volume would be complete without some 
mention of the pressure indicators which 
have been used. Those devices yielding 
pressure-time or pressure-volume data 
may be classified as (1) optical indica 
tors; (2) balanced-pressure indicators; 
(3) sampling indicators; (4) micro-in 
eators, and (5) electrical indicators, a 
cording to the principle on which they 


operate. 
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diaphragm is used as the pressure-sensi- 
tive element. Many different methods, 
both mechanical and/or optical, have 
been devised for magnifying and record- 
ing the motion of the diaphragm. In 
other types the operation of a light pis- 
ton or valve shows when the explosion 
pressure has reached a_ previously 
selected and measured value. Still other 
types make use of the effect of the explo- 
sion pressure upon the resistance of an 
element such as a carbon pile, upon the 
capacitance of an appropriate condenser, 
and upon the electromotive force, or 
more exactly upon the piezo-electric 
properties of certain crystals such as 
tourmaline or quartz. In the latter in- 
stances a flexible diaphragm usually pro- 
tects the sensitive element from direct 
contact with the flame. 

In all these instruments a compromise 
must be made between the time required 
to accelerate the moving parts and their 
sensitivity to change in pressure. For 
example an indicator appropriate for 
measuring explosion pressures with suffi- 
cient accuracy to permit calculation of 
transformation velocity must have a 
much higher sensitivity and over-all ac- 
curacy than the more rugged instrument 
suitable for yielding the ordinary en- 
gine-indicator cards. The choice of an 
indicator must, therefore, involve care- 
ful consideration of the operating con- 
ditions and the required accuracy of the 
pressure measurements. 

Recently a series of measurements”* 
using a spherical bomb with central igni- 
tion and a window through which the 
progress of the flame could be photo- 
graphed, and with six diaphragm-type 
pressure indicators was conducted at the 
National Bureau of Standards, using the 
fuels CO, normal heptane, iso-octane and 
benzene. 

Fig. 5 is a diagrammatic representa- 
tion of the spherical bomb with its win- 
dow and of typical flame traces for bomb 

28 Ibid. 





and soap bubble. When a spark oceyrs 
at the center of the-bomb, a sphere 
flame starts to spread exactly as in ¢} 
constant-pressure explosion. Howe, 
the walls of the bomb soon resist 
outward flow of gas set up by the expan. 
sion, and the unburned charge is ¢o) 
pressed instead of merely being pus! 
away by the advancing flame fron: 
Thus the expanding gases can not pus 
the flame front outward as fast or as { 
as in the bubble explosion. As a resy!t 
of the steadily decreasing outward 
velocity, the flame front travels n 
slowly as it approaches the walls, eve: 
though it is propagating into the cor 
pressed and heated unburned charg: 
an ever-increasing speed. 

The slopes of the flame traces show 
in Fig. 5 constitute a direct measure of 
the speeds of flame in space. The slo) 
of the trace of the flame in the bom) 
gradually decreases from the constant 
value of that in the bubble until 
reaches a value at the wall which is a 
measure of the transformation velo 
in the last portion of the charge to burn 
This condition must always prevail sin 
the last of the gas to burn can not mov 
beyond the walls, and is, therefore, es- 
sentially at rest when traversed b) 
flame. 

Fig. 6 is a reproduction of a typ 
explosion record, the fuel in this par 
ticular case being benzene. Adjacent 1 
the flame trace is the time record consist 
ing of a series of dashes of known 
quency. Beyond are six lines constitu 
ing the pressure record. The start 
each line indicates the instant at w 
the explosion pressure reached the valu 
for which an indicator had previous|) 
been set. The electrodes at the spark 
gap photograph as a thin dark line whi 
served as an axis of zero flame displace- 
ment. The light streak extending across 
the figure is a still picture of a fixed slit 
in the camera, the neon lights operated 
by the pressure indicators, and the firing 
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nfluence transformation velocities to an 
nknown extent. 
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GASEOUS EXPLOSIVE MIXTI 


all the explosions the rise nh pres 
for a given mass of charge inflamed 
‘considerably less than wo be ex 
d from ealeulations based ther 
lata and the assumpt that che 
reaction goes to equilibrin na 
thin reaction zone TI results 
fore indicate that the bun ” is not 
pleted in a shall ‘ Dut that 
on and heat liberat , 
some time after tl flame ront has 
ssed 
Further visual evidence o this eo 
t ed evolution of enere thin the 
flamed gases, sometimes < ied alte 
burning, was obtained by photographing 
the gas movements within the sphere of 
flame In one such experiment eieht 
human hairs, more or less s\ mmetrica 
spaced with respect to the spark gap 
were stretched across the bomb. At th 
enter of each hair, in the line « ision 
of the camera through the window. a 


powder 
giheé lae 


Fig 
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if the gas 


The latter could occur only 


near the center were losing heat by 


radiation at a seemingly improbable 


rate It is therefore believed that the 
continued movement of the flame gases 
toward the center, after the flame hits 


the wall, indicates continued expansion 
in an outer shell of gas which has alread) 
been traversed by flame, and that Fig. 7 
is thus visible evidence of afterburning 
that the 


flame was be 


It is further believed Inward 
movement of the central 


yond point A can not be due to burning 
of the 


amounts were used and because the same 


powder beeause such small 


movement was observed in each of a 


number of similar explosions where the 
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simultaneously with the pressu proae 
ords, although actual explosion dat th a 
this apparatus have not vet beer rosco 
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SCIENTISTS LOOK AT ASTROLOGY 


By Dr. BART J. BOK and MARGARET W 


<OCTATE PROFESSOR 0 Oxo 
BLIC Interest In astrology has vrow! 
diy during the past deeack ! 
small measure to the veneral 1 sap 
hension that exists t! milhais ¢ 
about the standing oft astroloe’yVv as 
ence Astrologers have made sk 
se of this confusion and. by the use 
pseudo-scientifie terms, have succeeded 


aining some devree of !) iblie respect 
s significant that it is a general pra 


on newsstands to place sound popu 


scientific and eneimeeringe journals on 
same shelf as the astrological maga 
PS The eontusion ms not limited to 


eSS educated secTIOns OF oul 


popula 


- afew months ago one of the coun 
's foremost public libraries gave in its 


onthly bulletin a list of recent acequ 


sitions in astronom: 


and astrology na 


section headed ‘*NSeienc There is 


hardly an astronomer who has not been 
than 


for the 


ipproached on 
tl 
oroscope 
What 


musconceptions 


more 


One OCCASION 


; 


preparation of a 


a request 


screntists cone oO eorrect 


hay e 


sucl Individuals have 
ceasionally voiced a protest, but active 
oncern in the spreading of astrology has 
renerally been considered below the lig 
. Yet it 
enied that it is one of the functions of 
the 


public about the nature and background 


| 


tv of scientists 


‘an hardly be 


scientists in a democracy to intorm 


a current fad, such as astrology, even 

though to do so may be unpleasant 
Astronomically minded members of the 

Branch of the 


American Association of Scientific Work 


Boston and Cambridge 


eTs, aided by some of their colleagues in 


ther parts of the country, recently 


MAYALL 
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FIG. 1. CELESTIAL SPHERE 


rHE TWELVE SECTIONS FORMED BY THE GREAT CIRCLES ARF 


INTERSECTION OF 


may have a considerable influence on the 


relative positions of the planets and 
CUSPS. 

Fig. 2 is a conventional type of horo- 
scope. The outer circle of the wheel or 
tire represents the ecliptic and its spokes 
mark the houses. The houses are num- 
bered as indicated and, with the aid of 
an astronomical ephemeris, we can now 
plot the positions of the sun, moon and 
planets in the houses at the time of birth. 
The positions of the cusps in the zodiaeal 
constellations are shown by the signs and 
degrees in the tire. 

The interpretation of a horoscope is 
carried out according to a set of more or 
less standardized rules, but each expert 
has developed his or her system. 
Each is associated with various 


matters and each planet, supposedly act- 


own 


** house 





DIVIDED INTO TWELVE 


rHEIR BOUNDARIES WITH THI 


PARTS 
CALLED ‘*‘ HOUSES,’’ AND THE POI 


ECLIPTI¢ 


‘four sps 


\RE CALLED 
ing as a center of force, exerts a part F 

ihe e 
ur West 


rigin 


lar influenee, depending upon its posit 
in the horoscope. The relative posit 
of the planets and their ‘‘aspects’’ p 
an important part in the interpretat ave sho 
Standard 


astrology, such as the books of Alan L« 


earance 


of a horoscope. treatises 


reached 
Judicial . 


particu 
itter 6O 


give the significance of each 
aspect, at the time of birth and i 
life. 


Many astrologers use the systen 


istronom 
nomical 
dars and 


secondary progressions as the ideal t ; 
after the 


nique of prognostication, according 


solar eeli 

There 
during tl 
Egypt a 


enistie | 


which each successive day after birt! 
represents a vear in the life of a subject 
There is, however, considerable disagr: 
ment about the progressions 
among leading of to-d 
One of them has stated flatly that **p: 
gressions are non-existent.’’ 


value of 


astrologers 
tion Was 


trology 1 
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PIG. » CONVENTIONAL TYPE HOROSCOPE OF 1] , 
23,1907. 4 A.M 10° 43° N. 73° 58’ Ww. oO 
Il. History oe 9 , : 
The earliest records of astronomy in With astrolo; itil Hellenist R 
ur Western tradition are of Babylonian When, largely tl ' P- 
rigin The researches of Neugebauer Berosus. = anlaes : ae 
ave shown that astré low made its ap tablished on the ” Cos 
earance only after astronomy had Ptolemy, the last 
reached a high level of development Greek astronomers. ‘ ; : 
dicial astrology appeared in Babylonia trology. Just as Ptole ott A 
ifter 600 B.c., long after the Babylonian hecame the standard reference in as 
istronomers had developed their astro omy, so did the same author’s “Tetra 
nomieal tables and ephemerides, calen- _ biblos’? become the bible of ast 
lars and lunar eclipse theory, and long Islam and the Latin West. Our present 
ifter the discovery of the Saros evele in (lay astrology woes ba rs ; 
solar eclipses. Ptolemy, who flourished | 
There existed no judicial astrology period of about fifteen | sini 
luring the high periods of civilization in astronomical develop Se 
1 I ~ 


Egypt and it Was only during the Hel ently the onl reek astro 


enistie period, when Egyptian civiliza 
on was moribund, that Babylonian as 


The (yreek as DOSSESSTOIL O 


rank to be connected 
Astrology threatened to take. con plete 


f all classes of som 


trology was introduced 
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Roman world. Cato the Elder and 
Cicero attacked astrology, but there is 
no evidence that the had much influence 
Although there 


were edicts against astrologers, notably 


on their contemporaries. 


in the reigns of Augustus, Domitian and 
Hadrian, nevertheless their prophecies 
were feared and thes were consulted 


secretly. The condition is curiously 
parallel to that which exists in Germany 
at the present time. 

The Roman Catholic Church was vig- 
orously opposed to astrology. St. Au- 
gustine, who admitted in his ‘**Confes- 
sions’’ that before his conversion he had 
been attracted to astrology, was its most 
articulate and vehement opponent. The 
opposition to astrology by the Catholic 
Church has persisted through the ages. 
The only recorded lapses are toward the 
end of the middle ages, during the cen- 
turies that preceded the birth of modern 
natural science. The attitude of the 
Catholic Church is summarized in the 
words of a modern Catholic writer, who 
‘The Catholic Church condemns 


astrology as a pagan superstition which 


States: 


by encouraging fatalism leads to the de- 
nial of Divine Providence.’ 

With the fall of the Roman Empire, 
astrology came to an end in the West for 
about five hundred vears. The return of 
astrology in the Latin West came with 
the introduction of Arabie science in the 
eleventh and twelfth centuries. 

When the Arabs took over Greek sci- 
ence, they also acquired the astrology 
which had developed in the Hellenistic 
period ; and in the great period of Ara- 
bie culture (A.p. 900-1100) astrology be- 
came associated with alchemy, medicine, 
mathematics. It has 
been suggested that most of the Arabic 
observatories were erected primarily for 
astrological purposes and that their as- 
tronomical use was only incidental, but 
this has not been confirmed by modern 
historical research. The main reason for 
the building of these observatories, in- 


astronomy and 


cluding the famous one at Bageda 
to determine the direction toward 
so that the faithful could face 
hours of praver. 

In the early medieval period, 
ogy Was reintroduced into the 
West principally through Arabi 
It had little influence dur 
twelfth century, but it went rapid 


cine. 


ward during the thirteenth cent) 
attempted to gain recognition as 
ence’’ by claiming that it was bas 
cosmological principles. The to 
of some forms of astrology by 
authorities made it possible for as 
vers to establish themselves, « 
holding professorships in several It 
universities. 

During the late Middle Ages a 
early Renaissance the Opposition 
trology was vigorous, within the c¢! 
and without, by mathematicians a) 
including Hen 


entists, Oresme, 


Hesse, Albert of Saxony, and by hu 


ists like Petrarch and Pico della M 
dola. 
foothold that astronomers were 

forced to earn their living by astr: 
while earrying on their work as 


But astrology had gained s) 


they could. 
outstanding example. To begin 


The case of Kepler 


s 


Kepler had great difficulty in obtair 


an appointment because he was a IP) 
tant and a Copernican but, when li 
vet a 
matics at the poor academy at Grat: 
of his duties was the preparation o! 
vearly almanac containing weather 
dictions and 
Later, when he was appointed as 
perial mathematician at Prague to 
ceed Tycho Brahe, his financial tro 
were not at an end: and in 1628. 
vears before his death, when his sa 
was three vears in arrears, he too 


astrological 


position as lecturer on mat 


informat 


drawing up horoscopes for the ast) 


ger-soldier Wallenstein as a mean 


supporting himself and his depend 


Well might Kepler sav ‘‘ Mother .\st 


/ 
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would certainly have to suffer 
aughter Astrology did not earn the 
In spite of this finanetal neces 


Kepler kept his astronomical won 


from astrology. Tycho Brahe is the 
astronomer of the first rank who 
etely fused his astronomv and his 
Wouy 

‘he religious revival accon 


Reformation and the Roman Cat! 
Counter-Reformation was the mos 
rtant influence in putting an en 
this period of astrology Astro 
still continued to ‘‘hane on.’’ as 
snow from the diatribes of Jonathan 
s ft, the jibes of Benjamin Franklin 
the wrath ol Increase Mather 
nst individual astrologers b its 
er Was broken, and it did not win 
marked increase in p ible interest 
our own time 
In this historical summary several 
teresting points emerge: astrology has 


flourished in periods of high scientific 


elopment rather than in low periods, 


and likewise in periods when religion 
and philosophy were in eclipse Also 


astrology has made only practically neg 


ligible contributions to seis nee: madeed, 
its prevalence has been actually harm 
ul. In the middle ages, when students 
were flocking to astrology lectures, as 
tronomers were having a hard time to 
earn their living from scientific work 
On medicine, astrology had a strangling 
influence, for physicians gave up diag 
nosis from the svmptoms and case his 
torv and relied on horoscopes to tell 
them why the patient was ill, what drugs 
to prescribe and what was the favorable 
time to apply the remedies Astrology 
hindered the development ol chemistry, 
because it was only after alehemy had 
been purged of astrology and other 
superstitions that chemistry grew as a 
separate discipline. The most striking 
fact is that astrology is now trying once 
more to gain recognition as a science by 


e use of methods that are reminiscent 
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**UTRIUSQUE COSMI HISTORIA’? 
ROBERTO FLUD, OPPENHEIM, 1617. TITLEPAGE. A 
COMPENDIUM OF ASTROLOGY AND MAGIC WITH 
SPECIAL EMPHASIS ON THEIR USES IN THE DIAG 
NOSIS AND CURE OF THE ILLS OF THE HUMAN 


BODY. THE SECTIONS DEVOTED TO ARITHMETIC, 
GEOMETRY, ETC. ARE OF NO SCIENTIFI IMPOR 
TANCE, THIS WAS \N IMMENSELY POPULAR 


WORK AND WAS PRINTED IN MANY EDITIONS, 


nine general newspapers published in 
Manhattan, the Daily News and the 
Journal-American, publish astrological 


columns; but the News alone has the 


largest circulation of all newspapers in 
the country, about 1,880,000 daily and 
about 3,380,000 on Sunday, according to 
1939 averages. The Journal-American, 
with 609,000 daily, has the largest cireu- 
lation among the local afternoon papers. 
Thus the number of readers exposed to 
these columns is much greater than the 
proportion of papers (2 out of 9) carry- 
ing them would indicate. 

Some of the leading newspapers of the 


country are now printing astrol 
columns. In the eastern part of 
United States the list of disting 
offenders includes the Philadelph, 
quirer, the Times-Herald of Was 
ton, D. C., and the Boston Travele; 
the southeast the Memphis Comm 
Appeal, the Charlotte Observer, an 
Atlanta Constitution all earry ast) 
ical columns. The Vews and the / 
Dealer im Cleveland, the Ohio s 
Journal, Chieago’s Herald and E 
ner and the Daily Tribune have as 
logical features. In the San Fra) 
area two of the four large newsp: 
carry astrological columns and tw 
not. Advertisements by astrologers 
regularly printed by many of the 1 
papers that do not refer to astrolog 
their news sections. Some news S) 
cates have occasionally released st 
with astrological predictions. 

The code of standard astrolog) 


which the great majority of the co 


trv’s astrologers are supposedly acd! 


ing, states that ‘‘a precise astrolog 


opinion can not honestly be rende: 


with reference to the life of an indi 
ual unless it is based upon a horos: 
for the vear, month, day and time of 
plus correct geographical location o! 


place of birth of the individual 


This statement alone renders all da 


forecasts in newspapers void. The s 
posedly individual horoscopes that 
be obtained by writing in and enelos 
twenty-five cents are in reality 
quently only copies from a_ relati 
small number of master horoscopes 
The newspapers are by no means 
only offenders. Weekly and mont 
magazines with a nation-wide distr 
tion have printed articles by lead 
astrologers. On May 12, 1940, the Av 


wan Weekly—which claims the larg 


circulation of any magazine in the w 
—began a series of front-page arti 
on astrology by ‘*Hollywood’s astr 


ger’’ Norvell. It is, however, enco 
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ederal Communications Commis 
as ruled astrologers off tl all 
after protest by the American 


omical Society and the American 


S of Magicians 
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Astrology has made considerab 1 
ads in advertising. The Better Busi 
ss Bureaus have exposed many of the 

schemes used by astrologers, but in spite 
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their effectiveness t} e\ have not sue 
eeded in eliminating astrology as ; 

salesmanship 
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Many states have laws prohibiting the 
of According 
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offense of 
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many 
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| (rican 
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nerally be a misdemeanor 


nder statutes fortune tellers are 
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persons are without any property rights 
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person, a 
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public, which advertisement 
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Orders shows that strolovers 
nually make use of the printed 
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in order to iner 
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en “enacted 


rned To pre 
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into law in twenty 
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Fact 
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Better 
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practices existing 


iws. These laws can and should be 
forced, and the enactment of more 
ffective and uniform laws should be 
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V. Tue ATTITUDES OF SCIENTISTS 


Why is it that physical scientists are, 


pparently without exception, opposed 


to the teachings of astrology Studies 
the 


ibove all that the amounts of radiation 


stars and planets have shown 


from these bodies that are received on 
the earth are exceedingly small and that 
heir gravitational effects are so slight 
as to be negligible in comparison with 
those from nearby objects 

Apart from the sun, the moon is the 
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TEN PERLODI 


ARE REGULARLY CARRIED BY THIS MAGAZINI 


, HARVARD STI AND PROFESSORS 


DENTS 


TROLOGICAL PUBLICATIONS SELL BETTER TH 


GUARDIAN,’’ NOTE THAT THE ASTROLOGI 


arbitrary, and one is inclined to ask 


why 


favored over the time of conception or 


the first exposure to fresh air? 
the laid 


astrologers demands the exis- 


An interpretation of rules 
down by 
tence of an unimaginable mechanism of 
action Astrologers have not provided 


us with as much as a sound hypothesis 


that might serve as a basis for their 
speculations Astrologers attempt to 
offset this lack of a sound working 


hy pothesis by the introduction of terms 
and concepts that are unknown to physi- 
No one, 


high-school training in physies, should 


cists and astronomers. with a 
be fooled into accepting an explanation 
the 


figures promi- 


of the laws of astrology in which 


term ‘‘cosmie vibration’’ 
nently. 
Scientists would feel justified in con 


sidering astrology as a legitimate field 
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IN HARVARD SQUARE WHERE, ON ‘* Ameri 
BUY THEIR READING MATTER, SOME O 
HE ATLANTIC MONTHLY’’ AND ‘* 
INES ARE MOST PROMINEN 


astrolous 


of scientific inquiry if 
claim that its basie rules had bes 
lished through a 


rigorous st Wi 


relations. But such a study las 


made. The rules by which astr 


interpret their horoscopes have } 
derived from any known experi! 
observations. Astrologers freq 


; 


eclaim an observational basis in 


forgotten generatio! 
but 
} 


DOAaSIS 


perience ot 
back in antiquity, pure superst 
In the 
discovered In our 
(Uranus, Neptune, Pluto) the e 
that their influe 
ascribed by the astr 


can claim as sound a 
of planets 


is conelusive 
men were 


before preliminary observational tf 





the influences could have been mac 


even before accurate orbits Cou 
assigned to the planets. ae oe 
‘THE | 


One might conceivably prove 


prove astrology as it is practised 
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eha st ly OT successes and ta res CST s 
redictions based o1 horoscopes dlistril . 
s a study would necessarily be of a ra. } . 
statistical nature and the results should hy i 
bjected to rigorous statistical ana f birth dates rex 
S The committee has been have Tr I t) I] 
anywhere the source material for a Phe seas 
sive test. Those few tests that hav are hicl 
earried out were based o) neon Hunt netol ‘ 
data about the exact times of birt] cent. more 
the precepts Ot Statistica ana SIS Keb) lal al as 
re not followed with sufficient car June and Ni 
It 1s, however. possible tO test Tor cer Variations are ref! 
tain broad influences assigned by astrolo frequencies . 
gers to specific planets and siens of the neers, indust! sts 
zodia® Farnsworth has stud ed the pDHVSICIAaNS hemsts t s 
zodiacal birth signs of some two thon Huntington’s ‘*Seas birt 1O38 
sand musicians and painters. He found Now if instea ths 
that the correlation predicted by astro] sSiguS are consi 
og Libra is supposedly the esthetic does not chan ‘ S 


sign Was absent A member of the influences we sho 
committee has made some Slinliar tests rerent correlations 


for birth dates of scientists listed in fessions 
“American Men of Science.’’ The in In conclusion 
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have failed to suggest a workable mecha- 
nism by which the stars and planets can 
exert their influence on human destiny. 
The doctrine of astrology can not claim 
that it is in any way supported by statis 
tical evidence from observed correla- 
tions, and until such correlations are 
established scientists can not accept the 


precepts of ast rolowy ; 


VI. Psycno.oaists STATE THEIR 
Views on ASTROLOGY 


The committee for the study of astrol- 
ogy has been fortunate in having the 
cooperation of some leading psvcholo- 
wists. At the request of Professor G. W. 
Allport, the executive council of the 
Society for Psychological Study of 
Social Issues authorized the release by 
the committee of a statement entitled: 
‘Psychologists State Their Views on 
Astrology.”’ We are glad to present this 
statement without change. 


Psychologists find no evidence that astrology 
is of any value whatsoever as an indicator of 
past, present, or future trends in one’s personal 
life or in one’s destiny. Nor is there the slight 
est ground for believing that social events can 
be foretold by divinations of the stars. The 
Society for the Psychological Study of Social 
Issues therefore deplores the faith of a consid 
erable section of the American public in a 
magical practice that has no shred of justifica 
tion in scientific fact. 

The principal reason why people turn to as 
trology and to kindred superstitions is that they 
lack in their own lives the resources necessary 
to solve serious personal problems confronting 
them. Feeling blocked and bewildered they 
yield to the pleasant suggestion that a golden 


Key is at hand a simple solution 
present help in time of trouble. This 
more readily accepted in times of 
and crisis when the individual’s norn 
guards against gullibility are bro 
When moral habits are weakened by 

or war, bewilderment increases, s« 
lessened, and belief in the occult in 

Faith in astrology or in any otl 
practice is harmful in so far as 
an unwholesome flight from the persist: 
lems of real life. Although it is hun 
to try to escape from the effort involv: 
thinking and to evade taking respons 
one’s own acts, it does no good to turn t 
and mystery in order to escape misery 
solutions must be found by peopl 
from the frustrations of poverty, from 
the death of a loved one, or trom fen 
nomic or personal insecurity. 

By offering the publie the horoseo, 
substitute for honest and sustained 
astrologers have been guilty of playir 
the human tendency to take easy rathe 
difficult paths. Astrologers have dons 
spite of the fact that science has denied 
claims and in spite of laws in some stat 
bidding the prophecies of astrology as 
lent. It is against public interests for 
ogers to spread their counsels of fl gl 
reality. 

It is unfortunate that in the minds of 
people astrology is confused with true s 
The result of this confusion is to prevent 
people from developing truly scientific hal 
thought that would help them understar 
natural, social, and psychological factors 
are actually influencing their destinies. 
of course, true that science itself is a long 
from a final solution to the social and ps 
logical problems that perplex mankind; 
accomplishments to date clearly indicat 
men’s destinies are shaped by their own 
in this world. The heavenly bodies may s 
be left out of account. Our fates rest 1 
our stars but in ourselves. 
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\ VIRGINIA LONGLEAF PINE 
STAND BADLY FIRE DAMAGED 


the seedlings of shortleaf and _ loblolly 
pine and burned back the hardwood 
‘*brush.’’ So when De Soto and his men 
came in 1539 they found an open-growth 
forest of almost pure longleaf pine 
stretching from the Atlantic to the Mis 
sissippi and beyond, devoid of under- 
brush and affording an easy highway for 
them to travel over and drive along their 
herds of cattle and swine. 

Now forest ecologists have always at 
tributed the typical longleaf-pine stands 
of the Atlantic and Gulf coastal plains 
to the deep sandy soil on which they in- 
variably grew. The longleaf pine is one 
of the few trees—and the only important 
timber tree-——that can thrive and grow 
to large size on such dry sandy sites 
because of the remarkably long taproot 
that it develops, often penetrating the 
soil for fifteen or twenty feet in search 
of permanent moisture. No other tree 
of the eastern United States naturally 
develops such an enormous taproot. 
Along the rivers which cross the coastal 
plain, on the moister and richer overflow 


bottomlands, we find a mixed 

dense hardwoods and evpress 
which the pine ts rigidly exelud 
extensive stretches of deep Sal 
covering the slightly more elevate 
fluves are undoubtedly the fund 
natural factor in determining tl 
leaf type of forest—the ‘‘ pine b; 
of the pioneers. But the writer 
with Mr. Greene in believing 

generations or perhaps centu 
eround burning to which the 
woods’’ have been subjected ha 
foundly modified their aspect 

while from the viewpoint of the 


man the change has been for th: 
from that of the lumberman it has 
for the worse In his article ( 


plainly states: *‘Without annua 
fires the grasses are smothered 
neither cattle nor quail can long ex 
And with that stat 


no one who is thoroughly familia 


such a forest 


the Southern pine forest will 
enter into a controvers\ It is 
of the shortleaf and loblolly pine 
as of longleaf 

It should be recognized, howeve 
Mr. Greene looks at these forests 
the apperception of the grazing 
He thinks that fire is responsible | 
origin of this type of forest, b 
direct interest is not in the tf 
producing values of these forests | 
their value for grazing. To hn 
ideal forest is one free from under! 
but carpeted with a heavy grow! 
erass and so open that a deer n 
seen through the timber ‘‘as far as 
eve can reach.’’ That undoubt 
makes an ideal wooded pasture, b 
the lumberman or forester appra 
its timber values it is comparable 
ten-acre field of corn in which the 
ture stalks are so few and far bet 
that a man standing on one side ot 
field could see a horse trotting alo 
road on the opposite side. 

But we must concede that the 
pioneers, in burning off the leaf-! 
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eround cover, did attain their ob 
They increased the amount of itv for tree 
ss for their stock to feed on. For it ground-bunm 
mnlikely that much if any grass ever — ble for the oper 
beneath the dense canopy of the ts slow rate of 
forest anywhere in the humid  vield of timber, sel 
rn part of our country, not even five thousand boar 
epting the sandiest soils of the pine most of the trees « 
rens. But after the leaf-litter, herba are two hundred 
is plants and seedling trees have been the Pacifie No 
ned off grass will usually come in, as fir often 
under fairly thick shade. And if sand board feet 
ining is continued vear after vear, areas, and the 


estroving and preventing reproduction, Northeast and tl 


the forest will become more and more heavier vields that 
open and the grass will grow rank and But nearly all t 

form a sod, for grass loves the sunlight has been cut over at 
In time nothing will be left of the forest three fourths of the 
but an open grove of overmature, de some stage of fores 
eadent trees, and they will finally dis with second-growtl 
appear repossessed the 


That is the probable history of the moval of the 


considerable area of ‘‘savannas’’ or open On We 


grass lands that the early explorers growtl 


found frequently intercepting the forest be perpetuated 
in our Southern states. It was likewise 
eause of the low density or open 
character of the longleaf pine forest that 
De Soto rambled ove For as Mr 
Greene points out, there is positive his 
torical evidence that the Indians had 
made a practice of burning over the 
forest frequently for hunting purposes 
long before the Europeans appeared A 
forest long subjected to  recurreit 
ground fires undergoes profound altera 
tion from its original condition and ean 
not truly be called a virgin forest. If 
that be the historical fact, then it may 
be asserted that in all probability no 
white man has ever beheld the longleaf- 
pine forest in its primeval state, and has 
no objective example of what such a 
forest may be like or the quantity of 
timber it may produce. Neither does it 
give any index of the vields of forest 
products that may be obtained under YEAR OLD LONG PIN] 
good forest management, with fire and 
grazing precluded. But, in this warm 
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these second-growth forests. which 
been subjected to ground fires and tu 
ing, reproducing a timber supply 

The Forest Service has just comp 


its forest survey, or stock-taking, of p 
timber resources of the lower Sout! er 
finds that over most of the longleat Xas 
belt the average stand per acre is ; 

1,500 board feet of saw-timber an l 

cords of wood in trees of less than s is ¢ 
timber size. If the whole stand wer seven 
for pulpwood it would make only 6 rhe 
cords per acre. That is a miserably pi 
vield, and it would not pay to grow s en 
stands under forest management. raw 0 
pare it with yields of second-gr ments 
white pine in the Northeast, wi ite tl 
stands fifty to Sixty vears old often ) be ma 
50,000 board feet to the acre, or with 1 the pl 
‘cultured ”’ spruce forests of cent migta 

Europe, where vields of 140,000 bi try t 
feet per acre are regularly obtained next 
that on soils which are naturally no 1 eventt 
fertile than those of our Southern can b 
lands. Such high vields may nev of pu 
produced by longleaf pine even w they ¢ 
the most favorable conditions, but \ South 
tables for our Southern pines rece) mills 
compiled by the Forest Service show t - raw 0 
fully stocked stands of longleaf ma print 
expected to \ ield 45,000 board reet The Ce 
timber per acre in an eighty-vear rot & pap 
tion, or forty eords of peeled pulpw on di 
per acre in forty vears, and fifteen « +0 inv 
in twenty vears. Shortleaf, loblolly ‘an b 
slash pines all produce considera Hert) 
higher vields. These four Sout! tract | 
pines are all valuable timber species ; weed 
as a group rank among the most rap daily 
vrowing timber trees of the Unit mills | 
States. Longleaf and slash pine, vir ni u 
That \ 


ing erops of both turpentine and tim! 


deve 
are the famous ‘‘dual-purpose trees levelo 


All four species can be used for mak under 
the kind of paper pulp from wi would 
‘‘kraft’’ paper is manufactured. T! — 
is the brown paper used for wrapp pi 
over, 1 


packages and for paper bags, and 
same pulp is also used for making cat 
board, the fiber-board cartons and ma 


paper 


time. 





THE FUTURE OF FORESTRY AND GRAZING 


articles. The South has already 
tured the kraft-paper industry 

e than forty mills are now in opera 

in this region, making either the 
py only or both the pulp and finished 
iper products. Between Virginia and 
xas at least sixteen new mills have 

n built during the past two vears 

1938 the consumption ot pulpwood 
was estimated to be between six and 
seven million cords. 

The lumbermen throughout the South 
ire panic-stricken over the rivalry they 
are encountering from the pulp mills for 
raw material. And now that the experi 
ments of the late Dr. Charles Herty indi 
cate that a good grade of newsprint can 
be made at low cost from Southern pine 


the prospects are excellent for a general . > 
eo ~~ . 
migration of the newsprint-paper indus 44 Fe is ‘a 
i ees 2 5 
. a 4 ve 
trv to the Southern states within the = 
next decade or so. That will surely WINDTHROWN LONG 


eventuate if the paper manufacturers 
can be assured of a permanent supply 
of pulpwood for their mills. But can 
thev? What will be the drain on the 
Southern pine forest when the newsprint 
mills compete with the kraft mills for 
raw material? The production of news 
print paper far exceeds that of kraft 
The capital required to build and equip 
a paper mill runs from seven to ten mil 
lion dollars or more, and it does not pay 
to invest that amount unless a long life 
can be assured to the enterprise. Dr 
Herty has been quoted as saving that a 
tract of 45,000 acres will supply enough 
wood perpetually for a mill of 150 tons 
daily capacity. (Many of the new kraft 
mills have a daily capacity of 300 tons 

But that could only be done on a tract 
that was organized and systematically 
developed for continuous production 
under intensive forest management. It 
would not pay to reproduce such stands 
as composed the bulk of the pine barrens 
even before the lumbermen cut them YELLOW PIN! 
over, nor would such stands maintain a 
paper industry for any great length of 
time. 
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But to revert to the grazing business, 
which has always been important in the 
South and has wood prospects ot becom 
in the future if 


ine more Important 


properly developed. The opening para 
vraphs of this article suggested the age 
between the stockman and 
conflict that 
waged in the Old World for centuries 
America discovered. The 
cool, moist climate of Seotland indicates 
that it 


country, 


conflict 
the forester, a 


long 
was being 


before was 


naturally be a forested 


Scottish 


would 

and = the highlands 
were originally covered with dense for 
But 
vrazing the forests were gradually de- 


through centuries of sheep 


ests 


stroved and for several hundred vears 
those hills have been covered with grass 


and heather Sheep are more destruc 
tive to the forest than cattle, but econ 
tinual burning and grazing will bring 
our Southern pine forests to a similar 


fate. The longleaf-pine forest is not so 
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THE FUTURE OF FORESTRY 


BUCKING 
SE LARGI 


A TREE UP INTO SAWLOGS 
TREES YIELD CLEAR LOGS AND HIGH 


GRADE LUMBER 


erass on his forest floor as much as a 


market garderer hates to see weeds in 


nis onion beds. Grass robs the soil ot 
both food and that the 


need for making their best growth. and 


moisture trees 
seriously retards or often prevents repro- 
duction. Because of vears of such mis 


treatment our Southern woodlands are 
yielding only a small fraction of the tim 
ber they are capable of 
well protected and 


Neither is the use of fire necessary in 


producing if 
properly managed. 
order to regenerate the forest to pine 
The knows 


stands of pure pine or any other desir- 


forester how to reproduce 

able species without resorting to fire. 
But, on the other hand. 

should that 


vince the stockmen of the evils of woods 


the foresters 
concede in trving to con- 
burning they started off on the wrong 
track. It is bad for the trees but good 
for the grass. his article 
on the forest that fire made, Mr. Greene 


has released further 


Since writing 


from time to time 
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statements results ol 
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OPEN GROWTH TURPENTINE ORCHARD 
ON CHOCTAWHATCHEE NATIONAL FOREST, FLORIDA. 


than twice as heavy on the burned than 
on the unburned area, and there were 
nearly three times as many legume 
plants on the burned area. Analysis of 
the forage also showed that the grasses 
from the burned areas were much higher 
in feeding values. 

When the foresters came South and 
appraised, as they did very quickly, the 
enormous damage to growing timber that 
was done by woods-burning, they tried 
to convert the stockmen from that prac- 
tice by preaching to them that these 
eround fires were detrimental to the 
grazing as well as to the timber. They 
never met with much success in convert- 
ing the men whose interests were solely 
in cattle, and now the practice of the 
live-stock men is confirmed by expert 
authority. It is a necessary practice in 
a humid region with naturally dense 
forest growth if live stock are to be 
grazed in the woods. The forest must 


IN LONGLEAF PINE VIRGIN FOR! 
FIRST YEAR OF CUPPING. NOTE LOW PO 
OF CUPS AND NARROW STREAKS. 


simply be converted into wooded p 
land. With landowners, howeve) 
were more interested in raising 

than cattle, whether for naval st 


saw-timber or pulpwood, the fores 


were more successful, and only a 
years of protection were enough 


vince these people that fire-suppress 


on their lands was a good thing for t 
Woodlands make poor pastures 


the grazing of woodlands will result 


poor crops of timber. Even if not 
jected to annual burning a_ he 
grazed tract of timber will rapidly) 
teriorate. Pasturing and timber pro 
tion can not be practised on the s 


land except to their mutual disad\ 


tage. The conelusion is evident. 
production of timber for comme! 


purposes and the raising of live st 


should be conducted on separate a 
In many parts of the South that goa! 
not be reached in a year or a decade 
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THE FUTURE OF FORESTRY AND GRAZING 


the goal toward which we should 
sistently work. And the change will 
reatly accelerated through the pres 
exerted by the pulp mills in their 

rts to acquire large tracts of land on 

h to grow their pulpwood. Whether 
land be owned by the pulp company 

or by others who will make a business 


if growing pulpwood as a crop and sell 


ing it to the mills, the signs are plain 


that enormous areas in the Southern 
pine belt will be devoted to that purpose 
in the near future. That will call for 
good silvicultural practice on all such 
lands in order to assure satisfactory 
yields, and that will mean not only the 
suppression of forest fires but the total 
exclusion of grazing 

There is another forest industry in 
this region that utilizes large amounts 
of land—the time-honored ‘‘naval 


stores’”’ industry, now centered in south 


CROSS SECTION OF BUTT OF FIRE 


SCARS FROM ALL FIRES AND SIGNS OF GR 


HALF THE CROSS-SECTIONAI 


ern Georgia al 
states and the s 
Carolina about 90 pe 
able naval stores 
and rosin) ar 
estimated that i 
cent. of the 

by men eng 

tion. And it 

that a numbe 
recently beer built 
have been retting 
turpentine me} 
out trees, 

can not cde 

much raw m: 
orchard aus stlel 
called—-is exacth 
plies, it is more 
forest and is as 
duce large and 


either saw-timber 


DAMAGED YELLOW PIN} 


DAMAGI ‘D ROT, 0 


ARI 








A 


A TEN-YEAR-OLD PLANTATION OF SLASH 


THE SCIENTIFIC MONTHLY 


rHIS PLANTATION IS ABOUT 


THINNING 


OLD FIELD STAND OF 


HAS BEEN MADE, 
ING 


A 


READY ro B 


MARKET AS 


rn 


KF 
PI 


rHINNED AND THE REMOVED MATERIAI 


LPWOOD AND FIREWOOD 


4 


REMOVING MATERIAL 


TREES WILL 


1 


ON 


- 


LONGLEAF IN SOUTHEAST GEORGIA 
LARGE ENOUGH FOR PULPWOOD. 
INCREASED GROWTH. 


W 


THI 


PINE NEAR HOMBERVILLE, GA 


I 








OV 
tiv 
in 

yst 
pl 

! t\ 
he 
oO! 

s will 
‘ mb 
} j bi 
But th 
South Tol 
profitably 
that coul 


the cattle 
tions al 

velopmen 
dustry 


| assed al 


agricul 
pav to ri 
sually 
woods ( 


recognize 
stock that 
up in oul 
serubbies 
ire to-da 
of South 
United & 
dressing 
Charlesto 
“that ord 
To-day bi 
worth on 
belt cattl 
present-d 
up amon: 
ren arked 
we d get 
from eacl] 
The pl 


ver fore 


THE FUTURE OF FORESTRY 


erazed woodland. To get maxi 
roduction of naval stores requires 


orchard-like stand of trees w 


itl 
rowns. It requires twenty to 
five vears for the slash and lone 
ne to reach a profitable size for 
tining. From then on, by using 
ost improved methods, the trees 
be profitably worked for twenty-five 
rty vears. But a crop of pulpwood 


be grown and harvested every 


twenty or twenty-five vears. The pulp 


s will find that they must grow their 
wn timber or obtain it from people who 
make a business of growing it for then 

But there is plenty of land in the 
South for all the timber that could be 
profitably grown and all the live stock 
that could be profitably raised. With 
the cattle tick eradicated the natural con 
ditions are highlv favorable for the de 
velopment of a flourishing  live-stock 
ndustry. Moreover, pioneer days have 
nassed and we are entering a new era 
in agriculture. We know that it does not 
pay to raise the kind of stock that is 
usually found grazing in the piney 
woods. Over a hundred vears ago it was 
recognized by competent judges of live 
stock that the cattle which were brought 
up in our Southern woodlands were the 
serubbiest of scrub stock, as most of them 
are to-day In 1815 William Johnson, 
of South Carolina, a justice of the 
United States Supreme Court, in ad- 
dressing an agricultural society in 
Charleston, spoke of the range cattle 
“that ordinarily disgrace our cowpens.’’ 
To-day beef cattle of the pine lands are 
worth only one third as much as corn- 
belt cattle. And as for dairy cows, a 
present-day Carolinian who was brought 
up among the pine woods stock recently 
remarked to the writer: ‘‘At the best 
we'd get about a gill of blue milk a day 
from each critter.’’ 

The plain fact is that ranging stock 
over forest land is a backwoods method, 


which may have been justified under 


pioneer conditions but can be justified 


A 





AND GRAZING 


COMPLETE DEVASTATION 
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TYPICAL SOUTH GEORGIA POLE STAND 


WHICH HAS BEEN PROTECTED FROM FIR} 


no longer. Successful live-stock raising 
to-day can be accomplished only by 
grazing the stock in permanent open 
pastures and by growing forage crops 
The county agricultural agents in every 
Southern state are advocating perma 
nent improved pastures, and the most 
progressive farmers and cattle men are 
providing them. Not only is the actual 
amount of forage much less in woodlands 
than in open pastures, but the feeding 
value of forage plants grown under 
forest shade is much less than if grown 
in full sunlight. It is commonly esti 
mated that a good open pasture will sup 
port ten times as many head of cattle as 
the same area of woodland pasture, but 
the ratio will depend largely on the 
density of the woods. The more open the 
stand the more abundant will be the 
growth of grass, but the yield of timber 
will be proportionally less and the qual- 
ity poorer. A well-managed forest in a 
humid country like the South will net 
support any grazing, for there will be 
no grass. 


It is true that live stock are benefited 
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AN OPEN VIRGIN STAND OF LON 


ON THE CHOCTAWHATCHEE NATION 


by some shade in hot weather 
should be provided by single tre 
tered here and there over the 
and by grove-like strips of trees 
streams. Such tree-growth shi 
regarded as permanent pasture 
tures’’ and never eut for timber 
The practice of forestry me 
raising of timber in successive cr 
if our Southern woodlands be ad 


protected from fire and proper 
dled, timber will be one of the S 
most important and profitable cr 
will provide the permanent bas 
large lumbering, paper and nava 
industries. But a goodly portion 
region should also be in per 


pastures, raising large herds of bot! 


and dairy cattle. The future pros 
of the rural South depends very 
upon the wise development of bot! 


resources. There is plenty of lai 


which to develop both the South’s 
nificent forest resources and a sp 
live-stock industry without mixi 
two on the same areas to their 

detriment. 
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SCIENCE PROGRESS THROUGH PUBLICITY 


By AUSTIN H. CLARK 


sO 


the begining of the } 
ry scientific advance has 
eater than in all the hundreds of 
ears preceding—or at least since tl 
liscovery of fire and the first fashioning 
tools. This advance of 
knowledge is bringing with it 
lements of danger, for the further we 
lvance in any scientific line the fewer 
re those able to follow the increasing 
wuitiplicity of detail and to understand 
the increasingly complex principles in 
olved. Research workers are therefore 
unning the risk of becoming isolated 
rom the general mass of the population and in 
1 our social order broader social 
This risk is real. For unless any given as, for instance, 
vroup within a social unit is recognized automobile and by 
is contributing to the material or spiri- we may add the potentia 
tual welfare of that unit, sooner or later betterment, and the in 
t will be in danger of elimination. The welfare and security 
story of science in England before the vances in our knowled 
Restoration and its development after the branches of scien 
cession of Charles II, and the very up medicine 
irving status of scientific research in In the seeond pla 
the different countries of the world to- est that is who 
lay, show us that scientific advance, at every one it 
east In certain lines, is conditioned by to know that 
the attitude toward it on the part of the ward into the 
general mass of the population as re- boundaries of 
flected by their chosen representatives. we do this, we 
We also learn from history that a lib ng up new vi 
eral attitude toward science may at anv yvond which w 
te change to a more or less restrictive the unknowable 
r suppressive attitude. This has hap We can neve 
ened in recent vears in various sections more we learn, 


I the United States aS well aS elsewhere appreciate t} e 


We live in a democracy. Ina healthy which we can ne‘ 


lemocracy all groups within the popula- gradually confin 
m must do their share toward further between barriers 
ng the common good of all, in accord science leads us 0 
e with their special and diverse abili- contemplation ot 
Each group must win and hold the Only a few vea 
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of the intellectual horizon was confined 


to those actively engaged in science, or 


closely associated with the students of 
science. And these alone appreciated 
the potentialities of scientific advance in 
its social and economic aspects. But now 
this knowledge is being broadcast to all 
our people so that every one ma\ under 
stand and every one may benefit 

This exposition of the advance ol 
science is being carried out as a coopera 
tive enterprise. Increasing numbers of 
our scientific men and women are willing 
to let others know what they are doing 
By the members of the National Asso 
ciation of Science Writers their work is 
accurately interpreted and expressed in 
popular language that all may under 
stand. Because of their importance to 
the general public, the accounts written 
by the science writers are laid before the 





public by the editors of ou 
and our magazines 

This cooperation between th: 
workers, the science writers 
editors has proved of great ber 
only to the people, but to ser 
Frequently it has happened tl 
written by one or more scien 
has stimulated such general i 
a subject that a flood of addition 


mation became almost immediate 


able, or further investigation was 
facilitated as a result of popular 
Without such an awakening 
interest it would have taken mar 
to have acquired the knowledge 
have to day 


Out of the manv cases available 


take two that have occurred wit! 


past few vears, one showing how 


fusion of knowledge through t! 


FOUR OF THE FIVE PULITZER PRIZE WINNERS 


IN THE NATIONAL ASSOCIATION OF SCIENCE WRITERS; AT THE TABLE, LEFT TO RIGHT, MR 


O’NEILL., SCIENCE EDITOR, New York Herald Tribune; MR. DAVID DIETZ, SCIENCE EDITOR, S 
HOWARD NEWSPAPERS: MR. WILLIAM L. LAURENCE, SCIENCE NEWS EDITOR, Veu Ye 


SEATED, BETWEEN MESSRS. O’NEILL AND DIETZ, MR 
CIATED PRESS; MR. GOBIND BEHARI LAL, SCIENCE 


HOWARD W. BLAKESLEE, SCIENCE EDITOR, 
EDITOR, INTERNATIONAL NEWS SERVIC! 


SHOWN. OTHERS IN THE PICTURE ARE MR. WATSON DAVIS, DIRECTOR, SCIENCE SERVICE, 


LEFT: AND DR. SIDNEY S. NEGUS, MEDIC 


COLLEGE OF VIRGINIA, EXTREME RIGH 
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SCIENCE PROGRESS THROUGH 


lped pure science, the other show 

s effect on applied sclence 
1926 there was discovered at Fol 
New Mexico, in association with the 
s of an extinct bison, an arrow-point 
type quite different from the usual 
in projectile point. In 1928 this dis 
received much publicity in our 
ess. In the spring of 1934 one of 
se so-called Folsom points was discov 
near Richmond, Virginia This 
announced in the press by the 
ence writers, attracted Immediate at 
tion all over the country, with the 
ilt that many notices of the discover) 
similar points were received at the 

Smithsonian Institution 

From these notices, verified by the 


specimens submitted, it was learned that 


arrow-points of this type are pretty 
widely distributed over the country, 
though chiefly east of the Rocky Moun 
tains, and furthermore an_ extensive 
eamping place of Folsom man—the now 
famous Lindenmeier site—was located in 
northern Colorado and brought to the 
attention of the Smithsonian Institution 

Thus our present knowledge of the 
interesting and unique Folsom culture, 
the earliest human culture in North 
America of which we have any evidence. 
has been pieced together almost entirely 
from facts brought to light primarily as 
a result of the work of the National 
Association of Science Writers 

Pure science is profiting more and 
more through the cooperation of the 
research workers, the science writers and 
the editors. The benefits of this coopera 
tion have been even more marked in ap 
plied science. Let us take an example 
from the field of medicine. There is 
nothing that appeals to us more strongly 
than the alleviation of human suffering 
and it is in this field that the science 
writers have done some of their most out 
standing work. 

Long ago it was noticed on battle 
grounds that wounds infected with the 
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Investigat 
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an article in the British Medical Journal 
had reported the successful use of allan- 
toin in the treatment of chronic ulcers. 
But his work attracted little attention at 
the time and was soon forgotten. 

In August, 1936, attention was called 
to the remarkable healing properties of 
urea, another substance present in the 
excretions of blow-fly larvae. The science 
writers gave this discovery also extensive 
publicity, and urea is now receiving wide 
attention by the medical profession, with 
very encouraging results. 

In the modern 
writing there are many cases such as 
Science and the press are now 


history of science 
these. 
united in a partnership that is becoming 
closer every Vvear. 

To every one interested in the advance 
of science it is a source of the greatest 
satisfaction to note that tangible recog- 
nition of the importance and value of 
the work of the members of the National 
Association of Science Writers is increas- 
ing. Honorary degrees and memberships 
in scientific societies and scientific clubs 
are being conferred upon them. No less 
than five of them have received the 
Pulitzer Prize for the excellence of their 
work. A few months ago the association 
as a whole was honored by the award of 
the Clement Cleveland medal for out- 
standing work during the preceding year 
in the campaign to control cancer. It 
may be of interest to add that many of 
our research workers, as well as inter- 
ested laymen, are now with complete con- 
fidence keeping themselves in touch with 
scientific advances in lines other than 
their own by reading the notices in the 
daily press. 

Now it is self-evident that the increas- 
ing success of the science writers in pre- 


senting science to the American » 
in accurate and readable form has 
made possible by the increasingly s) 
thetic attitude of the enlightened ed 
of our newspapers and magazines, 
see more and more clearly that sci 
accurately displayed in their pag 
not only of interest but also of va! 
the public. and pl 
With our 


. ‘ fi of the 
writers and our intelligent and a) roscop 
c - 


often, 

tracted 
(‘red 1 
water,’ 
water | 
sometin 
dition, 
when | 
handlir 
coating 
micros¢ 
alone 3 


For 
their 


corps of able su 


ciative editors we may hopefully 
forward to the future, provided we 
are engaged in scientific research do 
part. We must continually bear in n 
that we are an integral part of the so: 
in which we live, not a select or select 
group, and that others are quite prop 
interested in what we do, just as we 
interested in what our fellow citizens 
doing. 

But in connection with our scienti! 
work we speak a dialect incomprehensi}|; 
to most of the other elements of the com concert 
munity, and our method of thought is of the 
along channels with which the averave In 2 
man is almost wholly unfamiliar. So we 
need interpreters. These interpreters \ 
have in our science writers who under 
stand our language and also the languag 
and the mental attitude of the gene 
public, with which we are more or 
unfamiliar. 

Our duty to the community in whic! 
we live, to science, and to ourselves, is 
to take the public completely into o 
confidence and to provide the interpreters 
—the science writers—with all the mat 
rial they can use. In bringing science | 
the people we have already made en 
mous progress. The groundwork is } 
complete; but much still remains to 
done to perfect the superstructure. 
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OCEAN PASTURAGE IN CALIFORNIA WATERS’ 


By W. E. ALLEN 


SCRIPPS INSTITUTION OF OCEANOGRAPHY OF THE UNIVERSITY Of! 


had 


times 


men have 


certain 


seafaring 
stirred, at 


ages, 
interest 


FOR 


their 


and places by conspicuous conditions 


of the sea due to the presence of mi- 
eroscopie plants (phytoplankton). Most 
often, their attention has been at- 
tracted by very distinet diseolorations 
‘‘red water,’’ ‘‘brown water,’’ ‘‘yellow 
water,’’ ete.), although the odor of sea 
water has been strongly prominent also 
sometimes (‘‘stinking water’’). In ad- 
dition, there have been times and places 
when fishermen have had trouble in 
handling their nets or gear because of 
coatings of slimy material consisting of 
microscopic plants. Such 
alone are sufficient to raise questions 
concerning the causes and relationships 


experiences 


of the observed conditions. 

In more recent years, because of in- 
creasing attention to details of 
characteristics, less conspicuous occur- 
rences and displays of phytoplankton 
phenomena have led to comprehensive 
studies of the microscopic plants and 
their activities. From such studies it 
has come to be understood that phyto- 
plankton distribution in 
other periods), in depths, in 
ties and in latitudes has direct rela- 
tionships to movements of air and 
water masses (regular and irregular, 
systemic and turbulent), and that it 
both influences and is influenced by tur- 
bidity, density, temperature, light, dis- 
solved substances, co-existent organisms 
and indefinite numbers of other chem- 
ical, physical and biological character- 
isties of sea water. In particular it is 
generally recognized to-day that phyto- 
plankton constitutes the basic food 


1 Contributions from the Scripps Institution 
of Oceanography, New Series, No. 122. 


ocean 


(or 
locali- 


seasons 
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supply (ocean pasturage h directly 


or indirectly furnishes sustenance for 


commercial fishes and other animals at 
the same time that it draws much of its 
them. Not 
so, but phytoplankton furnishes n 
the food 
useful for human food (oysters, 


harmful to human enterprise 


own sustenance trom 


used by sedentary 


organisms’’ so injurious to ship bottoms 
and other structures exposed to attack 
As recently as 1919 practically noth 
ing was known concerning phytoplank 
ton in the Pacific 
authoritative paper published in Phila 
delphia as late as 1927 commented on 
the small numbers of 
and their thinness of 
the Pacific, although local investigations 
were already showing the contrary fact 
for this important contributing 
group. the 
knowing names and identities when dis 
the relation 
ships of any natural object or group of 


Ocean Indeed, an 


kinds of diatoms 
population in 


most 
Because of necessity of 


cussing or investigating 
objects to conditions in the sea much 
time had to be given to mere identifica 
tion and 
first few 
Scripps Institution of Oceanography at 
La Jolla, California. Thereby it 
found that although than 
hundred species of phytoplankton or 
the East Pacific, 
than fifty species ever become so abund 


naming of specimens in the 
years of researches at the 
was 
more two 


ganisms live in less 
ant as to attract special attention, even 
from specialists. Although diatoms are 
distinctly most important in most years 
in most the 
flagellates sometimes takes a temporary 
lead in production of ocean pasturage 
Fortunately, while learning identities 
it was other 


localities, group of dino 


possible to accumulate 
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kinds of data concerning the compon- 
ents of phytoplankton. The records 
showed that no single species was ever 
able to hold the lead in production over 
a long period of time, rarely longer than 
ten days. Also it appeared that pro- 
duction tended to be best before July, 
although there might be a difference of 
a week or two in this tendency at two 
stations only a little more than one hun- 
dred miles apart. Twenty years of in- 
vestigations have revealed that no two 
years were alike at either of two stations 
and that two years of unusually warm 
water (1926 and 1931) were poorly pro- 
ductive of both diatoms and dinoflagell- 
ates at both stations. 

About three thousand catches by boat 
at offshore stations have shown that phy- 
toplankton may reach notable abund- 
ance more than one hundred miles from 
shore and at depths as great as seventy 
meters, large numbers, however, rarely 
being taken below fifty meters. Some- 
times many diatoms appear at lower 
levels though few at the surface, some- 
times many appear at the surface when 
numbers are small below, and sometimes 
rather large numbers may be found at 
all seven of the levels sampled at a 
particular station. Unexpectedly, large 
numbers in good condition are taken 
sometimes from levels below large num- 
bers in poor condition. As a matter of 
fact, no large numbers of specimens in 
dead or decadent condition have been 
observed below any dense population in 
vigorous condition, although one might 
suppose that many would die and sink. 

A notable difference of abundance of 
phytoplankton between two stations in- 
dicates a difference between them in re- 
spect to chemical composition of the 
water, physical constitution of water 
masses, behavior of water masses, cli- 
mate or meteorological conditions, or 
animal populations. If such a differ- 
ence in phytoplankton populations does 
no more than prevent hasty or rigid 


conclusions and inferences from being 
asserted on the basis of close similarit, 
of too few chemical or physical obsery, 
tions, it is worth something. When 
confirms the validity of an observati 
of an unexpected difference in those eo; 
ditions it becomes distinctly helpfy) 
That is to say, microscopic plants naty. 
rally detect and respond to chemical ay 
physical conditions of their environmen: 
which are too delicate for one to detec 
by routine methods in a laboratory 
Therefore, proper attention to their re. 
sponses to unnoted changes in those eon. 
ditions may lead to correct interpreta- 
tions or to changes in routine which 
lead to better if not to full under. 
standing. 

In some localities most of the oxygen 
in sea water is derived from the air. |}, 
other localities (or at certain periods 
most of it is derived from phytoplank 
ton. In the one case no immediate effec 
on the chemical composition of sea water 
is necessarily involved in the processes 
of introduction. 

In the other case, incident and ir 
mediate changes occur in substances con- 
taining carbon, sometimes involving in- 
definite series of chemical changes 
surrounding sea water. So far, no one 
has ever evaluated the contribution 0! 
oxygen by phytoplankton in the ocea: 
although chemists, physicists and biolo- 
gists are agreed that in the matter of 
oxygen transfer alone the microscopic 
plants hold a prominent place in the 
network of environmental influences. 
Although the twenty years of phyto- 
plankton research have shown conclu- 
sively that periodicity of production and 
occurrence is not predictable for any 
restricted or specific place or depth 
level, they have shown that cloudlike 
aggregations of diatoms and dinoflag- 
ellates run a course of increase and 
development during which much might 
be learned about the influences of phy- 
toplankton through oxygen production 
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OCEAN PASTURAGE 
and consumption While the require- 
ments of trustworthy investigations of 
this problem under natural conditions 
may be too expensive at present, it 1s 
none the less true that the opportunity 


PXISTS. 
Similar statements may be made con- 
erning investigations of occurrence and 


distribution of carbon, phosphorus, ni- 
trogen and their compounds as well as 
other elements and substances not men- 
tioned so frequently. Although many 
people seem to feel confident that rela- 
tionships of influences of temperature 
may be easily detected, described, and 
evaluated, it is more probable that a 
understanding of any but the 
erossest manifestations of temperature 
conditions is very difficult to obtain. 
Still, there is no doubt of the fact 
that adequate phytoplankton data may 
aid substantially in understanding co- 
incidental phenomena of temperature. 
Probabilities seem to be even better for 
such influences as viscosity, density and 
light. 

Repeated cruises continue to show 
that phytoplankton abundance has a 
recognizable relationship to turbulence, 
upwelling, oceanic drift and to major 
and minor currents. It is entirely rea- 
sonable to expect that understanding of 
these relationships will improve rapidly 
as more data of the same kind as those 
yielding these results are accumulated. 

So far, inshore and offshore conditions 
are not clearly understood as to manner 
and degree of influence but much is 
apparent already in fact. For example, 
certain species which reach abundance 
offshore are rarely noticeable inshore 
(and vice versa). Also, certain locali- 
ties near shore appear to be more pro- 
ductive at certain periods or seasons 
while certain localities offshore appear 
to be more productive at other periods 
or seasons. Here there can be no ques- 
tion that familiarity with phytoplankton 
populations in their native habitats will 


clear 


IN CALIFORNIA WATERS 


help to clarify these relationships either 
when time and effort can be spared 

them 
otherwise. 


directly or as data accun 
Possibly even better pr 
ean be made toward understanding 
characteristics of deeps and shallows by 
giving careful attention to phytoplank 
ton relationships in or about them 
Practically nothing is known concern 
ing the more direct effects of run-off 
from land, not to mention the 
effects. Even Gran appears to have re- 


jected an earlier opinion that 


indirect 
run-off 
enriched sea water, but it is surely rea 
sonable to suppose that this enrichment 
Whatever the facts 
may be, it seems certain that the phyto 


ensues, nevertheless. 


plankton must be depended upon for 
evidence leading to a final solution 
Doubtless this solution will be delayed a 
long time of specific 
researches required by it, but the phy- 
toplankton data accumulated by the 
Seripps Institution sound 
foundation upon which to the 
necessary investigations, not only of the 
nutrient influences of run-off but 
of dilution and sedimentation influences. 

To geologists petroleum 
geologists) plankton diatoms are highly 


because of cost 


affords a 


base 
also 
(especially 


interesting because of their relationship 
to problems of oil-producing sediments 
If one can learn why diatom frustules 
are deposited here and not there, and 
why sometimes no diatom deposits can 
be found at or near localities which are 
known to yield them abundantly, he 
may be able to account for some of the 
vagaries of deposition. Some of the ob- 
served conditions of occurrence suggest 
the probability that many diatom frus- 
tules dissolve during long support or 
transport without sinking to the bottom, 
thus maintaining in the water a fair 
supply of siliceous material to be used 
by their own kin. 

So far Scripps Institution work on 
phytoplankton has contributed nothing 
to direct knowledge concerning the con- 
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tinuous series of changes of organic 
wastes in the sea. We know that the 
little plants must use other things be- 
sides carbon dioxide, but we do not 
know what forms of the various sub- 
stances are most valuable in their activi- 
ties, nor how they meet fluctuations in 


will apply. However, it seems proba 
that phytoplankton data are even yp 
important for any one who undert; 
to identify and trace food chains 
diatoms, copepod, sardine, macker 
squid; or diatom copepod, hydroid) ; 
volving either free-living or sedenta) 


amounts of preferred materials. How- animals. Still, the food relationship j, WE at 
ever, the records of occurrence of phy- not the only one. For example, y numeral 
toplankton bring necessary information searches indicate that phytoplankt, the Ror 
to the point where intelligent selection may become so abundant sometimes, — »umeral 
of species and localities may be made to seriously injure many surroundin: these né 
for conducting observations. animals, possibly by mere crowdine Roman | 
Concerning relationships with other possibly by clogging of the gills, possi can orig 
organisms much that has been said above by direct poisoning in some cases. while tl 
Indian ¢ 
To be 
the first 
CENTRALIZED EDUCATION tion of 
I HAVE no hesitation in saying that the com- centralization and control of the educatio: appropr 
plete domination of education by the state in system enables the gangsters who have seix some res 
Germany was what made it so easy, when her’ control of government to use the whole n V for fi 
war lords had decided to embark upon a career chinery of education, including the press a: of the h 
of world conquest, to obtain the aid of her uni- the movie as well as the schools, for indoctrina ¢ the ' 
versity professors, philosophers, and historians tion, instead of education, for substituting f ine 
alike, though not all of them, in spreading der the free growth of knowledge the rank grow’ bunched 
tag psychology throughout the whole of her of ignorance of every fact or idea which cou! of thous 
population. I myself saw this happening in the militate in any way against the interests of t! them in’ 
nineties in Germany, and in 1907 I heard the gangsters and the continuation of their powe: viation « 
man they called their greatest historian, Edouard It was beeause Spinoza saw the inevitability 0: 1000 


Meyer, before 2,600 students in Mandel Hall 
glory in war and conquest as the finest developer 
of a people. That was what made the Great 
War. 

Today it is very much worse because the 


this result of a centralized educational syst 


that he opposed completely the placing of ed not acco 


cation in the hands of the state.—Address by neither 
Dr. Robert A. Millikan, California Institute « ter. Cc 
Technology at Pasadena. somethi 
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THE ORIGIN OF OUR NUMERALS 


By JOHN DAVIS BUDDHUE 


PASADENA, (¢ 


WE are accustomed to use two kinds of 


merals with very different histories, 
the Roman and the Arabic 
numerals. It is probable that neither of 
these names is the correct one, for the 
Roman numerals appear to be of Etrus- 
‘an origin, with perhaps a trace of Greek, 
vhile the Arabic figures are really of 
[Indian origin, 

To begin with the Roman numerals, 
the first three are obviously a representa- 
tion of a numerical idea by making an 
ippropriate number of lines. Four is for 
some reason written as5—1. The use of 
V for five is said by some to be a symbol 
if the hand held up, one arm represent- 
ng the thumb and the other, the fingers 
bunched together. According to this line 
of thought, X is simply two V’s, one of 
them inverted. Similarly, C is an abbre- 
viation of centum = 100, and M is mille 
1000. Unfortunately, this system does 
not account for D = 500 and L 
neither of these is the proper initial let- 
ter. Consequently we must look for 
something better as an explanation. 

According to the Etruscan system of 
numeration, 100 was represented by a 
circle divided into quadrants. By remov- 
ing the circle X was left and used to rep- 
resent ten. Proceeding along these lines, 
V was obtained by dividing the X in half, 
exactly the reverse of the above incorrect 
system of derivation. 

For 1000, the Etruscans used a circle 
with a vertical line dividing it. This was 
also adopted by the Romans. Half of the 
circle gave D, or 500, and another kind of 

division gave an inverted T which was 
eventually changed into L, or 50, because 
it could be written with one continuous 
line. As for M, we must leave the Ro- 
mans and Etruscans and examine some 


so-called 


50, since 
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samples of old printing. For some rea 


son, no one seems to have thought to east 


type for the Etruscan symbol of 1000 and 


CIO. Th 
was rather cumbersome and was largely) 
abandoned in favor of M which bore more 


_ 


a makeshift was used thus: 


or less resemblance to the true sign and 
C 
originally a circle, but that was liable to 


also was the initial letter of mille. was 
cause confusion with the letter O; there 
fore, C was put in its place because it was 
the initial of centum 

The Roman 
hardly alphabetic although the sugges 
tion has been made that the signs for 10, 
50 and 100 were derived from the Greek 
letters X, ¥ and ®, respectively. 

The Indo-Arabiec 
a much more extensive history and few 
people would them 
of their earlier forms. Their ultimate 
origin is unknown but some trace them 
back to the Egyptian Heiratiec and there 
fore to the Heirogly phie. A better sug- 
cestion is certain letters of the Indo-Bac 
trian alphabet. It will be noticed that 
the phonetic values of these letters are 
This is to call attention to the fact 
} 


numerals therefore are 


numerals have had 


most 


recognize in 


viven. 
that they are really initial letters for t 
number words in Zend or Sanskrit 
both. Thus 4=chathwar (Z), 5 
chan (Z), 6=shash (S), 7 =saptan 
ashtan (S), 9=navan (S, Z) and 10 

dasan (S, Z). d 
seem that those old Aryans began to 


or 
pan- 
S 

8 
Consequently it woul 
write numbers by drawing a series ol 
short lines just as the ancient Romans 
and Egyptians did, but they soon 
tired of that method 

decided to use the initial letters of the 
That at least wa 
an improvement over the Greek and Se- 


rol 
cumbersome and 
ir 


S 


number words instead. 


mitie system of using letters for numbers 
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that bore no relation to the sounds of the 
number words. 

Whatever their origin, the earliest 
known use of the prototypes of our nu- 
merals are found in the Nana Ghat in- 
scription of India. Later came the Cave 
inscriptions which were made some time 
early in the Christian era. 

It is important to note that positional 
notation was unknown until, probably, 
some time in the sixth century a.p. That 
is, there was no zero, and ten, eleven, etc., 
were written with separate symbols. But 
eventually some unknown mathematical 
genius invented a zero and the positional 
system was born. The invention of zero 
was probably a result of the abacus or a 
similar device such as a smooth board 
covered with sand. The number 204 
would be written by making three col- 
umns. In the first two lines would be 
made, the second would be left blank and 
four lines would be made in the last col- 
umn. No doubt it occurred to this un- 
known mathematician that the same re- 
sult could be accomplished by using nu- 
merals, provided that there were a sym- 
bol to denote the empty column. Thus 
zero was born and named sunya (empty, 
blank). 

At any rate, the numerals together 
with zero were adopted by the Arabs. 
They probably learned them from some 
mathematical tables brought to Bagdad 
by an Indian ambassador in 773 ap. 
From there the knowledge of them 
spread slowly over the whole Arabian 
world. There were two principal varia- 





N00" BACT Rian INDIAN 
MOOEEN meRAaTIC ALPnaeer NANA CHAT Cave HSC og cent 

P eels - om _ 
a uv = <_< a 
3 “ny = = m” 
4 bs ¥ seek ¥ + 

° “5? hep r h 

‘ | «ss 7 ¢ ° 
? u Ves ? ? r 
6 aa A + as? $3 4 ~ 

r 
3 a . ” ° 3 4 
a 
. 5 
Fig. 1 


tions of these numerals, the Eastern ani 
the Western or Gobar. The latter word 
means dust and suggests that some gor: 
of sand abacus was known. This varian; 
was used in Spain by the Moors and jy 
Africa. It is the prototype from whic) 
our numerals were derived and the re. 
semblance to our modern numerals is }) 
now quite clear. 

At the time of the introduction of the 
numerals into Europe a modified abacus 
was used in which numerals replaced the 
counters but zero was represented by an 
empty column again. This was used at 
Rheims about 970-980 by Gerbert, who 
later became Pope Sylvester II, and by 
the eleventh century it was well known. 
There is no direct evidence to show where 
Gerbert learned of it. According to Wil. 
liam of Malmesbury he stole it from « 
Spanish Arab, but this theory is usual]; 
regarded as a mere fable. Still there is 
no known use of the abacus in Europe at 
an earlier date except in the Geometriv 
attributed to Boétius. If this book is 
genuine we have direct evidence that 
somehow the Indian numerals got into 
Europe in the fifth century, and Gerbert 
only resurrected a system forgotten for 
400 years, more or less. If this is true. 
then how did Boétius learn of it? He 
himself describes it as the system of the 
Pythagorici. This suggests that the old 
Indian numerals along with the abacus 
was introduced into Alexandria some 
time before the fourth century a.p. when 
communication between India ani 
Europe ceased. In fact the close resem- 
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blanee between Boétius’ figures and the 
Gobar Arabic has led F. Woepcke to be- 
lieve that the western Arabs adopted 
their system from Boétius before the In- 
dian method with a zero reached them. 
There are many difficulties to this view 
however, among which is the difficulty in 
explaining the rather close resemblance 
between the Gobar and the Eastern Ara- 
bic system if the two had been separated 
for some hundreds of years. Moreover, 
the authenticity of the Geometria is not 
established, and it is quite possible that 
Gerbert or some one else obtained a par- 
tial knowledge of the abacus and the nu- 
merals from the Arabs but failed to ob- 
tain, or to understand, the idea of zero. 

Later on the zero was added and the 
abacus fell into the discard. Few people 
know of it now, except as a plaything 
for children. The word zero is of Arabic 
origin. When the Arabs obtained the nu- 
merals from the Indians they translated 
the Indian sunya into their own word 
sifr with the same meaning. When the 
numerals were introduced into Italy, sifr 
was Latinized to zephirum. This hap- 
pened some time near the beginning of 
the thirteenth century. Various changes 
occurred during the next hundred years 
ending in the word zero. 

However when Jordanus Nemarius in- 
troduced the Arabic system into Ger- 
many he kept the Arabic word but 
changed it into cifra. This word was re- 
tained and used as late as the time of 
Gauss. In English, cifra became cipher 
and in other parts of Europe we find 
chiffre, ziffer, ete. However, there was a 
strong tendency for these words to be 
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Fic. 4 


taken to mean ‘‘numeral’’ and not 
‘zero.’’ The learned knew perfectly well 
but the 
common people did not, and as a result a 
In fact, 


the word even came to signify a secret 


the true meaning of the word, 


creat deal of confusion arose 


sign, hence our word decipher. At last 
the confusion was removed by the adop- 
tion of the Italian word zero. 

It must not be imagined that the trans 
ition from the abacus system used by 
Gerbert to the positional numeration of 
the present day not 
There was a battle raging between the 
abacists, who defended old tradition, and 
the algorists, who preferred the newer 
system, that lasted for 400 vears, 
the eleventh to the fifteenth 
In some places the Arabic numerals were 


was easy. It was 


from 


centuries 


not allowed to be used on official docu 
ments or were even prohibited altogether 

The Eastern Arabic 
little to do with the development of the 


numerals had 


sytem we use although they sprang from 
the same source. They did give rise, how- 
ever, to the present-day numerals used by 
the Persians, Turks, Arabs, in fact, any 


one using the Arabic alphabet. In the 
figure it will be noted that three forms 
are used for the numeral four. Of these 


the first is used by the Malays, the second 
by the Arabs and the last by the Persia) 
Otherwise, they are the same everywhere 
in the Mohammedan world. 

I give also the Sanskrit and other ori- 
ental numeral systems, all of which are 
derived with more or less elaboration 
from the same source as our own, namel) 
the old Indian numerals. Some of them 


still retain a separate sign for ten 
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EMERGENT RACES AND CULTURES IN 
SOUTH AMERICA 


By Dr. JOHN GILLIN 
ASSISTANT PROFESSOR OF ANTHROPOLOGY, THE OHIO STATE UNIVERSITY 


THE tropical lowlands and low pla- 
teaus of South America—often referred 
to collectively as the Tropical Forest 
Region—constitute about half of the 
land surface of the southern continent 
and the largest continuous natural area 
in the Western Hemisphere. Yet this 
vast territory is one of the most sparsely 
inhabited of the globe and one of the 
least ‘‘exploited’’ in terms of human 
values, economic or otherwise, either by 
its natives or by outsiders. Therein seem 
to lie a group of scientific problems 
awaiting investigation with which an- 
thropologists are particularly fitted to 
deal. 

Americanists have hitherto been pri- 
marily concerned—and legitimately so— 
with archeological studies, historic re- 
constructions and ethnographic investi- 
gations of the aboriginal racial groups, 
cultures and languages of this part of 
the world. It is unlikely that any quali- 
fied judge would seriously object either 
to the aims or to the results of the larger 
portion of this type of work. And all 
anthropologists would doubtless agree 
that, far from being outmoded or com- 
pleted, investigations of the traditional 
sort have only begun the great task 
which must be accomplished if we are 
to have comprehensive answers to the 
many questions of aboriginal racial and 
cultural development which demand ex- 
planation in this region. 

On the other hand, it would be strange, 
indeed, if cultural anthropologists, of all 
people, were unaware of or indifferent to 
cultural and social developments taking 
place in the world of contemporary 
affairs. Recently public interest in 
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many quarters, and particularly that of 
responsible leaders in the United States, 
has been increasingly attracted toward 
South America. We need not analyze 
nor judge the motivations of these in. 
terests here. But the fact is evident that 
business and financial experts are bestir- 
ring themselves over the future of mar- 
kets, production and the development of 
resources and trade in South America 
Statesmen ostentatiously strive for new 
modes of political collaboration. Mili- 
tary strategists have evinced a serious 
concern with the problems of defense 
and attack of the Americas. Cultural 
exchange between the various nations of 
the Western Hemisphere has been, at 
least formally, increased and placed on 
a higher plane. Scientists from many 
disciplines are enlisted to some extent 
in the formulation and solution of newly 
significant problems. 

Any program of intelligent planning 
for human adjustment either for the 
present or for the future must rest upon 
sound information concerning the physi- 
eal composition and cultural and socia! 
development of the population con- 
eerned. In providing information of 
this kind it seems that anthropology can 
make a contribution of tremendous sig- 
nificance in South America. It is per- 
haps not the function of the anthropolo- 
gist to enter partisan controversies, but 
he does have the obligation and the tech- 
niques to provide a reliable basis of data 
upon which politicians and _ business 
men, for example, may act if they will. 

It would not be difficult to document 
the view that much of the current think- 
ing concerning South America is based 
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ipon lack of realism regarding the 
:ectual anthropological situation in the 
southern continent. Such documenta- 
tion would consist of the citation of eur- 
rent commonplace utterances’ which, 
while widely diffused, 
vrossest ignorance. Thus in the United 
States it is not uncommon to speak of 
Latin American society as resting pri- 
marily upon somewhat ‘‘debased’’ Span- 
ish and Portuguese institutions. We 
tend to think of the nations to the south 
n terms of an industrialized urban 
society supported by family homestead 
farming, which characterizes much of 
our own country, and to judge them in 
these terms. Misconceptions of a similar 
nature are not confined to the United 
States, but are likewise predominant in 
many South American capitals and cen- 
ters of civilization with respect to con- 
ditions in the outlying regions. In my 
own experience I have found in various 
‘apitals the foggiest comprehension of 
realities concerning the interior and the 
lifficulty of finding reliable guides and 
information is familiar to most travelers 
into the interior. Thus in 1934, at least, 
the views of the intelligentsia and gov- 
ernment experts of Guayaquil and Qnito 
concerning the Ecuadorian Oriente 
could properly be described under the 
heading of folk tales and mythology. 
Few even of the permanent residents of 
Georgetown and the coastal region of 
British Guiana in 1933 had any more 
precise notion of the interior of their 
own country than they had of the in- 
terior of New Guinea, with which it is 
so often confused by ordinarily intelli- 
gent persons in the United States. The 
separatist tendency of the Peruvian 
montana, with Iquitos as its center, is 
notorious and was in large part respon- 
sible for the Leticia incident—all largely 
due to ignorance in Lima concerning the 
eastern part of the country. As Beals 
says, ‘‘South America for the most part 
is a peripheral population, a seacoast 


smack of the 


AMERICA 


population. The interior st 
properly settled and exploited 
Let us consider in more « 


terior and particularly the 


least known portion of it, 


lowlands and low plateaus t i 
mated from data by Zon and Sparhawk 
in ** Forest World,’’ 
that from 40 to 50 per cent. of the co 
tinental area of South 
ested, and that by far the greatest por 


Resources of the 
America is fo 


tion of this forest cover is of the tropical 
lowland or jungle type. Southern Chile 
is the only region of extensive forest out 
side the tropical zones, and the Chilean 
insignificant in 
Here we 


forest is comparatively 


terms of miles may 


focus attention primarily on that portion 


square 


of the jungle area comprised within the 
the Orinoco and Amazon, 
The area thus defined 


larger 


drainage of 
plus the Guianas. 
(Amazon-Orinoco-Guianas) is far 
than any other in the New World, cov 
3,240,000 
of the land area of 


ering miles, or 
nearly 46 per cent 
the continent. Considerable portions of 


this vast province are only lightly for 


some square 


ested, and some of it is plateau country 
(e.g., southern Guiana, parts of Matto 
Grosso, etc.), but the major part is typi 
cal jungle. 

Anthropologists have been primarily 
concerned with the aboriginal tribes of 
this area, and while a 
detail remains to be recovered, we must 
face the fact that the 
is relatively small, probably not 
than 300,000 to 500,000 at the most, and 
that population of all 
types is considerably less than one per 
[Indian 


vast amount ol 
native populat on 


more 


the density of 


square mile. Furthermore, the 


population, or a large part of it, has 
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been exposed in varying degr 


tact with Europeans for about 40% 


In spite of this scarcity of pe 
since the collapse of the rubber 
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polar regions on the face of the globe, 
not only from the point of view of popu- 
lation density, but also from that of cul- 
tural importance in terms of a world 
system dominated by Western civiliza- 
tion. Nevertheless it is open to doubt 
that this condition will long continue in 
a world dominated by expansionist eco- 
nomic systems and containing certain 
societies seeking ‘‘living space.’’ The 
Belgian Congo, a smaller but environ- 
mentally analogous region, supports a 
population of over ten million with an 
estimated density of about 12 per square 
mile, according to the recent comprehen- 
sive ‘‘An African Survey,’’ edited by 
Lord Hailey. In view of the fact that 
the African tropical forest area, while 
generally similar to that of South 
America, is if anything a more rigorous 
environment for human life, it hardly 
seems that the present relative unimpor- 
tance of the Amazon-Orinoco-Guiana 
region is to be explained entirely on the 
basis of environment, but rather in terms 
of deficiencies in human stock and cul- 
ture. 

It is generally conceded that the tropi- 
eal lowland area of South America is a 
source of considerable potential wealth 
in raw materials. Yet it receives little 
attention from social scientists other 
than ethnologists interested in primitive 
tribes, and nearly half of South America 
is thus written off as of small immediate 
or future importance to human affairs. 
The justification for this neglect usually 
follows these lines: (1) Natural re- 
sources, while abundant, can not be eco- 
nomically exploited, due to inaccessibil- 
ity, smallness and lack of organization 
of the labor force and unprofitable con- 
dition of world markets. (2) The stand- 
ard of living of the inhabitants is too 
low to permit profitable economic rela- 
tions with nations of the middle lati- 
tudes, other than of the crude exploita- 
tive type. (3) Experience has shown 
that permanent white populations do 


not prosper in the low wet tropies, ap- 
parently in large part at least because 
of adverse reactions to the climate, go 
that such areas can not be looked upon as 
future regions for settlement from 
Europe or North America. 

These arguments seem to me to be 
predicated on the traditional European 
imperialist attitude that the low tropics 
are of value only as reservoirs of ray 
materials to be exploited by a handfy! 
of white masters who use a socially and 
economically depressed native popula- 
tion as a labor force, primarily under 
the gang system on plantations or in 
mines. In such a set-up the whites are 
maintained in small numbers and tem. 
porarily by capital and cultural imports 
from the mother country. And _ the 
natives are persuaded or forced to de. 
pend upon home-country manufactured 
goods. According to this traditiona! 
view, therefore, a tropical region which 
does not contain a large, hardy and 
amenable native population, together 
with other conditions necessary for the 
usual extractive exploitation, is consii- 
ered of no potential importance. It is 
not surprising, then, that tropical low- 
land South America has remained unin- 
teresting to old-fashioned capitalist im- 
perialists. 

The possibility has never seriously 
been considered, so far as I am aware, 
of the emergence of a blended racia! 
type and of a blended culture capable 
of developing cultural and economic re- 
lations of an independent and mutually 
profitable character with the nations of 
the middle latitudes. It is this possi- 
bility which I believe anthropologists 
could investigate with advantage to all. 

The dream of large-scale permanent 
white settlements in the low wet tropics 
has been dissipated by recent investiga- 
tions and by several centuries of experi- 
ence. A. Grenfell Price has most re 
cently summarized the evidence on this 
matter in ‘‘ White Settlers in the Trop- 
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ies,”’? and the 1939 report of the British 
Guiana Refugee Commission to the Ad- 
visory Commission on Political Refu- 
gees appointed by the President of the 
United States concludes that experimen- 
tal colonization by whites in that colony 
is feasible, but only in a comparatively 
dry and non-forested savannah and hill 
district. Without citing more of the 
voluminous literature on this subject we 
may say that the prospects of a pure 
white society in the low wet tropics of 
South America appear to be remote. 
Likewise it is doubtful that a pure In- 
dian society will occupy the region in 
the future, if for no other reason than 
that the process of extermination and 
intermixture with elements of white or 
negroid ancestry, which has been pro- 
ceeding inexorably for four centuries, 
shows no signs of abating. The north- 
eastern region of Brazil is now occupied 
by a mixed combination of white (Por- 
tuguese), negroid and aboriginal Indian 
elements, the sociological and historical 
aspects of which have been ably studied 
by Gilberto Freyre, among others. Says 
Freyre in his ‘‘Casa Grande e Senzala,’’ 
“The Portuguese triumphed where 
other Europeans failed. The Portu- 
guese was the first society of modern 
times constructed in the tropics with 
national characteristics and qualities of 
permanence. ”? These results were, 
according to Freyre, obtained by devot- 
ing first and foremost energy toward the 
creation of wealth in Brazil itself, rather 
than to its extraction, and also by the 
borrowing and recombining of many 
Indian traits, ‘‘making use of the indi- 
gene, particularly the woman, not only 
as an instrument of labor, but also as 
the basis for the formation of a race of 
mixed bloods.’’ For other parts of the 
lowland tropics we also have a sufficient 
number of scholarly observations of a 
descriptive, not a metrical type, on race 
mixture to indicate the general outlines 
of the process which seems to be taking 
place. 
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The first suggested line of research for 
then, 
physical anthropology of the race mix 
tures of the tropical 
Not only do we need information of a 


anthropology, would be in the 


lowland region 
scientific, metrical nature concerning the 
actual somatic types which are emerging 
from the blending process, but we would 
also weleome psychological and medical 


data. Are the new types, like their 
Indian and Negro forebears, capable of 
resisting the tropical climate which 


seems to be so injurious to permanent 
white occupation, and at the same time 
have they inherited the 
energy’’ of their white ancestors? In 
short, is a stable, physically adapted 
population developing in this 
which will be able to grow and to develop 
a social and cultural life of its own, free 


**nervous 


region 


from domination of the middle latitudes 
but capable of carrying on reciprocal 
relations with the cultural centers of the 
temperate zones for the mutual benefit 
of all? 
such a development is taking place, but 
only 
will enable us to grasp its true signifi 
the 


There are many indications that 


scientific anthropological studies 
cance and to estimate its trend in 
future. 

The problem of cultural blending is of 
equal importance to that of racial blend 
ing, and herein lies the second group of 
problems to which anthropology should 
be able to contribute. There can be no 
dodging the fact that the aboriginal cul- 
tures of this region will be either modi 
fied or absorbed. Every one is familiar 
with the fact that the Western civiliza 
tion of the middle latitudes is not easily 


transplanted to the wet tropics. In 
those instances where European and 
American material cultures is existent 


in the wet tropics, as in the Panama 
Canal Zone and in the colonial cities of 
certain western powers, it is well known 
that it is either extensively modified or 
it is maintained 
heavy financial support from the home 
And 


uneconomically by 


country. the ‘‘deeay,’’ as it is 
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sometimes called, of Western standards 
of conduct in the tropics is notorious, 
and has been extensively described both 
in fiction and in serious scientific reports. 
To anthropologists familiar with the 
general principles of the culture-environ- 
ment relationship it is unreasonable to 
expect that European and American cul- 
ture can be transplanted bodily and im 
toto to the low wet tropics, except in 
small centers maintained at considerable 
expense for strategic or political reasons. 

Yet we must grant that the world as 
we know it is operating more or less in 
consonance with deep-lying fundamental 
principles which are part and parcel of 
this European-American culture or 
Western civilization. Whether we like 
it or not, we must recognize the existence 
of capitalist economies (whether pri- 
vately or state controlled), nationalistic 
polities, monogamic marriage and small 
family units, machine technology, de- 
pendence upon artificial sources of 
power, literacy and rapid communica- 
tion, and all that these words imply. 
And it is perfectly apparent that the 
indigenous cultural systems of the Ama- 
zon-Orinoco-Guiana region are in most 
respects inherently unfitted to ‘‘get 
along’’ with a Western civilization con- 
taining these complexes and drives. 
While the complexion of Western civili- 
zation may change with altering political 
or military fortunes, it seems unlikely 
that the basic complexes mentioned 
above will disappear completely from 
the world system for many decades or 
even centuries, barring a total collapse 
and ‘‘return to barbarism.’’ Therefore 
the problems of this area seem to boil 
down to the following terms. European 
and American culture, adapted to mid- 
dle latitude environments, can not be 
transplanted or borrowed in toto in the 
low tropics of South America. On the 
other hand, the indigenous cultures, 
although providing a material adapta- 
tion to the environment, are incapable, 
without radical reorientation and modifi- 
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eation, of gearing into a world system 
dominated by Western civilization. |; 
is the task of anthropology to investigat; 
the actualities and the potentialities . 
an emergent civilization in this regio) 
adapted to the environment, but capab 
of standing on its own feet in the wor 
arena. The instability of the nativy 
situation under the old imperialist ex 
ploitation during the depression was ap 
parent to many observers, of whom Ear! 
P. Hanson was perhaps the most articu 
late in a number of articles and in his 
book *‘ Journey to Manaos.’’ 

The task of the anthropologist with 
respect to these problems might be 
phrased in terms of the following ques 
tions. Is there any evidence that a cul- 
ture, combining certain elements of 
aboriginal cultural adjustment (-« 
house types, food, clothing, ete.) wit 
values and techniques derived from 
Western civilization, may be arising! 
Japan, for example, represents a society 
which has adopted certain Western traits 
of culture (e.g., capitalist economics 
machine technology, military tactics and 
weapons, ete.) without loss of many in 
digenous cultural elements. This blend 
ing process has given Japan a position 
of independence and reciprocal function 
in the world. Is a similar process deve 
oping, or capable of developing, in the 
Amazon-Orinoco-Guiana region? We do 
not mean to suggest that an exact para 
lel with Japan will be found, but this 
ease is mentioned in order to indicat: 
that what may happen in one societ) 
may, in a general way, occur elsewher 
namely, in South America. 

As with race mixture, so also with cu 
tural mixture we are not dealing pure!) 
with hypothetical possibilities. A con 
siderable number of trained observers 
have described various aspects of accu 
turation within the region. Nordensk 
éld dealt in a number of publications 
with early post-Colombian European 
contacts with natives and traced th 
diffusion of certain European culture 
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ments, using primarily the linguistic 
approach. F. Keiter published a survey 
of acculturation in the Upper Amazon 
hasin based on G. Tessmann’s material 
Baldus and Petrullo have provided some 
information on the region of the Upper 
Xingu and Matto Grosso, Snethlage on 
Eastern Bolivia, and other authors have 
dealt in passing fashion 
with other portions of the area. The 
present writer’s personal observations 
from Eastern Ecuador and Peru to the 
Guianas confirm the impressions of other 
observers that the native cultures are 
disappearing, not into a European cul- 
ture as we generally understand it, but 
into a synthesis composed of European 
and native elements. The time has now 
come to proceed from these somewhat 
random studies and 
systematic consideration and investiga- 
tion of the whole problem. 

Perhaps the emergent cultures of the 
Amazon-Orinoco-Guiana region could 
best be studied through the regional ap- 
proach, using some of the concepts and 


summary or 


impressions to a 


techniques developed by American geog- 
raphers and sociologists, together with 


ethnological methods of acculturation 
study already proven successful by an- 
thropologists. In the Amazon Valley 
one region of this type is that comprising 
Eastern Peru and Ecuador, with its cul- 
tural center at Iquitos. The regions of 
Mandos, Para and Santarém, the Upper 
Orinoco, Orinoco delta, ete., might be 
similarly studied. And with the anthro- 
pologist we might expect other social 
scientists, particularly the geographer 
and economist, to cooperate in investiga- 
tions of a more specialized nature. 
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America 


relations 
policy-makers in South 
would have a firmer basis on whie 
With populat 


problems, we might call attention to th 


proceed. respect to 
the colored 
population in parts of the West Indies 
for example, Puerto Rico and Jamaica 
It is conceivable that 
of the lowland tropics of South America 
would indicate this to be a land of oppor 


present overcrowding of 


scientific studies 


tunity for colored migrants 

In emphasizing the opportunities for 
research in the lowland tropic region we 
should also point out that similar anthro 
pological studies are applicable to other 
portions of South America. Particular) 
in the Andean republics it 
nativistic their 
cultural adaptation, will present impor 
tant problems for the future. The ris 


that 


blending and 


seems 


elements, 


‘ ; 


of Aprismo and of self-conscious native 
literary movements in these areas are 
only two indications that old conditions 
are changing. 

In short, the argument of this pape 
is that human 
importance with 
our 
that the sciences of man should 
left out of 
tions. To illustrate this point we have 
directed attention to South America and 
to the 
continent, the tropical lowland area 


resources are of equal 


‘*natural’’ resources in 


with foreign areas, and 
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BOOKS ON SCIENCE FOR LAYMEN 


ARE WE COMING OR GOING?!.2 

READING one of Professor Hooton’s re- 
cent books is like panning for gold— 
with the exception that Hooton does the 
‘‘panning,’’ and it is the reader who 
must search for a few grains of gold or, 
mayhap, even a nugget or two. The two 
books above listed are quite similar in 
content and in theme. The 1939 vol- 
ume is a collection of sundry Harvard 
Alumni Club luncheon talks; the 1940 
volume an extension of the five Van- 
uxem Lectures at Princeton. There is 
in each an outline of human evolution, 
a discussion of human races, and a gen- 
eral viewing-with-alarm and pointing- 
with-scorn. The 1940 volume adds a 
diseussion of infra-human Primate be- 
havior and human body types. 

Any thinking person who scans the 
world scene to-day and who reads the 
record of twentieth century history, will 
agree with Professor Hooton that some- 
thing’s wrong, that man has made a 
mess of his social structure. 

It is in the diagnosis of basic causes 
that the author strikes out vigorously. 
He is convinced that man’s ‘‘ biological 
inferiority’’—the culmination of an evo- 
lutionary process accelerated and accen- 
tuated by civilization—is at the root of 
all criminal behavior and all social in- 
adequacies. In the conflict between bio- 
logical determinism vs. social opportu- 
nism Hooton backs the former, regards 
the latter as an ‘‘also ran.’’ In charg- 
ing that medicine and social science have 
neglected human biology and human 
heredity in favor of environmental con- 
ditioning he goes to the other extreme 
and virtually neglects environment. 
This may be no more than the shock psy- 


1 Twilight of Man. E. A. Hooton.  Illus- 
trated. x+308 pp. $3.00. 1939. Putnam. 

2 Why Men Behave Like Apes and Vice Versa. 
E. A. Hooton. 1940. Princeton University 
Press. 


chology of over-exaggeration, to stimy- 
late the physician and the social scientis: 
to meet the bio-anthropologist at leas; 
half-way. The pendulum, swinging free 
goes to extremes, but it soon gravitates 
to a balance. At the moment Hoot 
has the pendulum in biological imba 
ance, as it were. 

Man is biological, but he also is a s 
cial being. His biological make-up must 
inevitably condition his social pattern; 
but likewise is it true—whether equal) 
true or not, we’ll not say—that the total! 
ity of his environment must shape the 
expression of his biological constitution 

The statement that criminal behavior 
is associated with a given physical type 
(‘‘mosaic’’ of morphological traits) pays 
too little attention to the social aspect 
of the definition of what constitutes a 
erime. During Prohibition it was 
crime to possess liquor; now it is not 
Yet many of us, no different physically 
now than then, were ‘‘criminals’’ every 
time we partook of some liquor ‘‘ just off 
the boat!’’ Man defines the crime, not 
crime the man, and criminal opportu- 
nity bulks at least as large as the crim- 
inal’s physique. We are products of 
time, yes, but time may be measured in 
the social set-up of the moment. 

Professor Hooton outlines an aggres- 
sive program for the study of man’s con- 
stitution. In forceful and often witty 
style he points out man’s shortcomings 
and suggests a program—largely eugen- 
ical—for setting things right. His is the 
biological approach. It must be com- 
plemented by a program of social in- 
tegration. A concerted biologico-social 
study of man is now indicated—not 
merely a questionnaire type of social 
program in august dignity or a statis 
tical and morphological investigation in 
aloof solitude. Teamwork is the answer! 

W. M. Kroeman 
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BOOKS ON SCIENCE FOR LAYMEN 


UP FROM THE ALGAE! 

For forty-five Campbell’s 
%«Mosses and Ferns’’ has been the stand- 
ard text for the morphology of these 
Now in his eightieth year the 


years 


groups. 


author carries to completion his great 
project of dealing with the morphology 


of all vaseular plants. 

The obvious popular appeal of the 
title is not quite borne out by the con- 
tents and could not be because no one 
ean yet map the evolution of the higher 
plants, for ‘‘It is not expected that all 
the conclusions presented by the writer 
will meet with general approval but it 
is hoped that they may direct attention 
to much-needed investigation of many 
disputed points in the classification of 
embryophytes which is at present in 
need of thorough revision.’’ Read in 
the spirit of this sentiment the book is 
an extremely valuable contribution. It 
really consists of a compendium of pres- 
ent-day information on the structure 
and development of plants from mosses 
to flowering plants, together with as 
much of the theoretical evolutionary 
path over which they have traveled, as 
may be made out at the present time. 

The first section of the book on the 
Bryophytes looks familiar to a student 
of the earlier ‘‘ Mosses and Ferns.’’ But 
in the later sections the progress of sci- 
ence, especially in the discovery and in- 
terpretation of fossils gives the book an 
aspect which could never have been an- 
ticipated by the student of 1895. 

The first of these discoveries came 
with the gradual realization by a num- 
ber of different workers, in the next 
decade, that the ‘‘fern leaves’’ so abun- 
dant in the coal measures were seed 
plants (Pteridosperms) not related to 
the ferns at all. 

A second major change was intro- 
duced by the discovery of Kidston and 

1The Evolution of Land Plants. D. H. 
Campbell. Illustrated. 731 pp. $6.50. 1940. 
Stanford University Press. 
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Lang in 1921 in the 
Seotland of 
which partook of the character of 


curious 


lophytes, Bryophytes and Pteridop 
but could not at first be 
They 


plants with conducting tissues as in 


asSsif£z 
of these. were slight 

higher plants but without differentiation 
into any of their organs, 1.¢., leaf, root 
These Rhynia 
Hornea, are now considered a primitive 
type of Pteridophyte, but in 
this conclusion ideas of phylogeny of the 
higher plants had to be pretty tl 


or stem. plants, and 


reaching 


oughly revised. 

The third revolutionary discovery dur 
ing the half century covered by Camp 
bell’s studies was Wieland’s elucidation 
of the detailed structure of fossil eyeads 
in 1906. This 
distinctness of 
from their living relatives and 
furnished the 
and Arber elaborated 
the best 
origin of angiosperms 
the 
regarded as 


work demonstrated the 


fossil eveads Bennet! 
tales 
data from lich Parkin 
what is by many 
theory for the 


On this theory 


regarded as 


magnolias ar 
Later 


econelike flowers of 


primitive Bessey 
and others built systems of classification 
(and they believed of the phylogeny) o 
the flowering plants, starting from Mag 
nolias and Buttercups 

Campbell rejects these newer ideas of 
the origin of flowering plants, deciding 
(rightly) that the evidence supporting 
them is inconclusive, and takes up the 
system of Wettstein, which regards the 
amentiferous oaks and walnuts as primi 
tive and derives most of the other flow 
ering plants from ancestors of this gen 
With this, as Campbell recog 
For while it 


eral type. 
nizes, many will disagree. 
appears to accord better than Bessey’s 
system with the earliest angiosperms we 
know as fossils, it fails to connect with 
any particular gymnosperm type which 
ean be regarded as ancestral. 

The adherents of the opposing theory 
maintain that the earliest 


angiosperm 
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floras known to us represent a great ad- 
vance beyond what the first (unknown) 
angiosperms must have been. Thus one 
of the earliest of certainly identifiable 
angiosperms (early Cretaceous) is the 
Syveamore, Platanus; and concerning this 
Seward? remarks: ‘‘This forest tree ex- 
hibits no features which stamp it as a 
primitive type or as one of the earliest 
members of an evolutionary series.’’ In 
the upper Cretaceous, moreover, there 
were about 70 families of angiosperms, 
covering almost all types, from the low- 
est to the highest. 

Thus the origin of the angiosperm re- 
mains the chief problem of plant phy- 
logeny. Campbell by summarizing ex- 
isting knowledge has in effect clearly 
stated the problem and so should facili- 
tate its solution. The book is one which 
will be used constantly everywhere plant 
morphology is studied. 

Ropert I’. Griaes 


FACT GATHERING! 

HistoricaALLy the oldest and, from a 
purely factual standpoint, the most 
basic, phase of biological science—the 
description and classification of the forms 
of life, the classical field of taxonomy, 
has been accused, and with reason, of 
contributing but little to the ever-chang- 
ing facies of the main currents of biolog- 
ical thought. The essential value of its 
work in the gathering of facts for the 
record to be consulted by workers in 
other fields has never been questioned, 
but until very recently systematics was 
looked upon as without much general 
interest or even application to other 
branches of biology. However, with the 
vast advance in purely systematic knowl- 
edge and particularly with the great in- 
crease in detailed data on certain groups, 
it has now become possible for the spe- 

2A. C. Seward, Plant Life through the Ages, 
p. 298. 

1The New Systematics. Edited by Julian 
Huxley. Illustrated. viii+583 pp. $6.00. 
July, 1940. Oxford University Press. 
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cialist in other lines to cheek his th 
and more accurately formulate his q 
tions, to find material for new paths 
experimental departure and to build 
new chains of inductive reasoning { 
the once neglected, 
field of taxonomy. 
of systematics thereby cast a corr 
and directing influence upon the 
sophical background of current wo: 
genetics, cytology, embryology, « 
and other specialties, but also the ir 
of minds trained 
other than taxonomic lines has te: 
mold purely systematic work 
It is therefore at a most propitious t 
for biologists that a book dealine 
the ‘‘new’’ systematics makes its 


Not only do th 


This book is issued under the spo: 
ship of the Association for the Study 
Systematics in relation to Gene 
ogy under the editorship of Julian H 
Besides a valuable introduction | 
the editor, it contains twenty-one ec! 
ters, each with a different authors! 
and, fortunately, each with a use! 
All that can be done in t 
limited space at the disposal of the 


erature list. 


titles, in the hope that they may sti: 
late the reader of this review to go « 


Timofeeff-Ressovsky ; Taxonomic Sp 


Bearings of the ‘‘ Drosophila’’ Work « 
Systematics comes from the pen of H 
Muller; Hogben writes of Problems 
the Origin of Species; de Beer on E 
bryology and Taxonomy; Calman 
Zoologists’ View 
Taxonomy; and Ford gives an acc 
of Polymorphism and Taxonomy. 

All the chapters are full of int 
and appear to result from much car 
deliberation and reflection. 
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the prootreader, such as, on pace 


Darwin’s book is referred to 


nere 
Animals of the Variation and Plants 


r Domestication’’ instead of **The 


ation of Animals and Plants under 


stication Two good indices, one 


and one of subjects, make 


ames, 
lv available the contents of a book 
] - 


OGISTS OT 


worth the attention of bio 
specialties 


Ht. FRIEDMANN 


IS LIFE A MIRACLE? 


Tue task of surveying the information 


possess concerning animal and plant 


is one to be approached with con 


siderable deliberation. The selection of 
leave out is 
difficult to 


hav © 


what to 
the 


when 


what to give and 
most 
the 


pleased themselves with the reasonable 


oby iously one of 


I ake. Even authors 
material 
the 


others 


ness of the approach and the 
submitted, there still 
that 


remains very 


strong probability rew will 


agree with them 

This volume is a compilation of chap 
ters by six authors. It begins with the 
dawn of life, proceeds through the vari 
ous phases of evolution and then turns 
the 
There is no attempt to become involved 


The 


invertebrates are 


ts attention to animal kingdom 


in the intricacies of classification 


with which the 


speed 


dispatched is The emphasis 
falls 


various topics such as animal courtship 


amazing 


rather around the diseussion otf 


how animals make a home, modes of 


travel and the like. The plant kingdom 


finds itself in between the earlier animal 


evolution and animal kingdom sections 


and the large later section on various 


phases of the biology of man. This con 


eession to any plant miracle again is 


built around topics like plant anatomy, 


plants in relation to man and plant 


breeding. The book then proceeds to 


The Miracle of Life. Edits H. Wheeler. 
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THE PROGRESS OF SCIENCE 


SIR OLIVER LODGE, 1851-1940 


the "man in the st 
ssor of natura 

if dignified bearing 
ped reatures, a m 
rance Ooccaslonlatts 
ouds while peering 


the universe, a man 


action and enere 
> cause Of Is COny 
occasion to stir 
the profundities of 
ne humble in himselt 
servant of his Creator 
conventional ideal as dis 
re To the lavman he was prob 
better known than any other living 
of science, a fact for which his 
ng personality was largely respon 
enhanced as it was by a clarity and 
mplicity in writing and speaking which 
nabled his hearers to understand the 
essage, and to become incited to en 
isilasm for it 
A product of the school of classical 
yhysics and of the era in which the 
nee of electrodynamics was born, Lov 
vas a firm believer in the reality 
things: and while open to conviction in 
espect of the new, he sought alwavs to 
ement it to the fabric of the old The 
ether in his eves was a very real me 
lum Its equations to him were the 
servants of its substance, and he had 
ttle sympathy with the kind o 
stance which had no parentage 
than in the equations He was one 
those pioneer experimenters who, seek 
ng to make the aether declare 


its actions where moving bodies at 


itselr in 


neerned, evolved a series of results 


hich, unassailable in accuracy, 
tf 


Inconsistent with each other i 


spirit of thought of the day and which, 


the hands of the more venturesome 


E nstein. led through the intermediary 
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appointed principal of the new univer- 
sity at Birmingham, which position he 
held until 1919 In 1877 he married 
Mary, the daughter of Alexander Mar 
shall, and his family comprised six sons 
and six daughters. 

Lodge is the author of several books, 
such as ‘‘ Elementary Mechanies,’’ ‘‘Mod- 
ern Views of Electricity,’’ ‘‘ Pioneers of 
Science,’’ ‘‘The Ether of Space,’’ which 
have been a seurce of inspiration to 
countless physicists and doubtless have 
inspired many of them to specialize in 
the field of electrodynamics. In addi- 
tion, he is noted for his writings upon 
matters pertaining to psychical research, 
to which subject he gave considerable at- 


INVESTIGATIONS AMONG THE CARRIER INDIANS OF BRITISH COLUMBIA 


Tue Carrier Indians in the vicinity of 
Stuart Lake, British Columbia, were 
visited during the summer of 1940 in 
order to study certain problems of the 
relationship of primitive economics to 





tention during the latter portio 
life. In this realm, while he was 
ably the most outspoken of his 
poraries, he was not alone, for S 
liam Crookes, Lord Rayleigh and 
Sir J. J. Thomson, also, viewe 
matters as worthy of considerati 

Sir Oliver Lodge was always a st! 
figure in any assembly of men of s 
but in spite of his dominating 
ality, he was a man of kindly syn 
and was greatly helpful in his e 
agement of others. He was, inde 
ornament to science and a lovab 
between the physics of to-day 
of the era which is past. 

W. F. G. Swa 


social and political organization 

Carrier are exceptionally suitab 
a study of this kind because s 
marked changes in the framewor 


their socio-political organization d 





CARRIER FISHERMEN STILL USE DUGOUT CANOES 


ON STUART LAKE, WHICH ARE OFTEN POWERED BY OUTBOARD MOTORS. 
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MODERN CARRIER FOOD CACHES ARE 


prehistoric period can be recon 
structed and because the impact of Euro 
their 
istorie period has been 


than 


ean culture on own 
more orderly 


most 


ind less devastating among 
Indian tribes. 
The Carrier 


between the Rocky 


inhabit a territory 
Mountains the 
oastal ranges of British Columbia In 


Vast 


and 


subsistence terms, they occupy a region 
where the hunting and fur trapping area 
the 
salmon area of the Northwest Coast over- 
ap. Game 
killed in the extensive 
caught in the headwaters of 
and Skeena Rivers have always contrib- 
uted about equally to Carrier existence. 
To-day, most Carrier Indians have ex 
clusive rights to trap-lines which are reg- 
istered with the government of British 
Columbia. These registered trap-lines 
permitted a somewhat novel and fruit- 
ful field technique. 
{ present-day holdings, the succession of 


of the great Canadian interior and 


and fur-bearing animals 


forests and fish 


the Fraser 


Starting with maps 


land ownership was traced back through 


ive generations and concomitant changes 


during the 


in social and politica usages rec 
reconstruc 


Three 


opment we 


Earlier changes were 
comparative ethnography 
stages of Carrier devel 
constructed 

At one time the Car 
Athabaskan tribes of 


lacked 


wealth 


Canada, clans 
Land 


ably held and exploited com 


aristocracy of Was 
hha 


bands in which all were substan 


peop e 


tially equal But in comparatively re 
cent prehistoric times matrilineal clans 
potlatch 


River 


and a spread up the 


Skeena 


svsten 
Tsimshian In 
first to the 


from the 


dians and were introduced 


Babine Lake Carrier, later to the Stuart 


Tracts ot T 


Lake Carrier land came to 


be held by 


feasts to 


‘*nobles.’’ who gave potlatch 
support their titles and 
both land titles matri 


lineally, within clans, from their mot} 


who 
inherited and 
ers’ brothers. The mechanics by which 
this land 
were substituted for the old system can 
detail 


eulture, 


new type of tenure and use 


not be known in Two features 


of the older Carrier however. 
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sin marriage and bride service 

| been customary that a man 
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and after his 
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tor severa 
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system 
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STE 


at first 
| svstem Potlatches 
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But eventually 
m the white man began to undern 
institutions The 


urch banned cousin n 
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ther 


MLeS 


. oTher 


1h 
native Cathol 
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( 1 
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reasing lm portance 
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| 
Ol 


individual owne 
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defiance of the ancient obl 


give it and the potlatch title it 


o their nephews Registratio 


lines was the final factor that entrenched 
the new system To-d 


lav, 
though the 


therefore al 
Carrier continue to. liv 


EXPEDITION TO STUDY MEXICAN BIRDS 
GEORGE MIKscnu St 


versity ’s curator © 


rron, Cornell Uni 
f birds, and Olin Se 
wall Pettingill, Jr.. zoology professor at 
expedition to 
southwestern Ta 


February to 


Carleton College, led an 
the hill countrys of 


Sabinas V; 
maulipas in 


study birds west of the 


during the breeding season from Febru 
ary to June. With 


Headquarters 
| 


Rancho Rincon 


Sutton will be big 
sheets of paper and a complete water 


Sutton who 
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briefly in the spring of 1938. The ex 
pedition plans to be in Mexico for sev 
eral weeks so that the ornithologists may 
obtain data on the wintering bird-life, 
the transient forms and the courtship, 


nesting activities and territorialism of 


the breeding species 

“The region is particularly 
rich in tropical birds,”’’ said 
Professor Sutton, in com 
menting on his work in 
1938 **Near the Rancho 
Rinconada we encount 
ered five species of Par 
rots—the Military Macaw, 
Red-crowned and Yellow 
headed Parrots, Green Para 
keet, and Aztec Parakeet; a 
tinamou; the great-crested Cu 
rassow that is known as the Faisano Real 
or ‘Royal Pheasant’; the wild Muscovy 
Duck, and numerous brightly colored 
small birds, including tanagers, warb- 
lers, hummingbirds and buntings. Sev 
eral kinds of hawks breed in the vicinity, 
including the little known Crane-legged 
Hawk, Geranospiza nigra; the handsome 
Mexican Goshawk; the Black Hawk; a 
middle-sized hawk that is the counter 
part of our United States Broad- 
wing: the trim Bat Faleon; 
and a long-tailed, bird-eat- 
ing species known as the 
Collared Micrastur. Vul- 
tures and Caracaras are 
common. of course, these 
being the garbage-disposal 
svstem of the country- 
side.’ 

The worst difficulties the 
ornithologists will encounter 
will be dysentery and ticks. The ticks, 
which are variously known as nighuas, 

Note: The two bird heads reproduced on this 
page were sketched by George M. Sutton. The 
first one is Audubon’s Caracara, a common 
Mexican bird sometimes called the ‘* Mexican 
Eagle,’’ sketched from a freshly killed specimen 
by George M. Sutton; the second is the Curassow, 
known as the ‘‘ Faisano Real’’ or ‘‘ Royal Pheas 
ant,’’ painted from a male specimen. The knob 
at the base of the bill is bright yellow. 












prnelillos, conchudas, grapatas ai 
dores (whatever the etymology 
words may be!) are very bad in s 
In 1938 Sutton’s party had a tim: 
them, finding such items as sulfur 
line, kerosene, carbide and alcoho! 
use In combatting them ‘*The 
los were worst,’’ said S 
‘They were very sma 
onto us by the hundre: 
had to be scraped off 
knives But we 
had any serious troul 

a result of them.’’ <A 

snakes, they appare 

are rare about the Rar 
The only snakes Suttor J 
his party saw in 1938 
dead ones along the highwa 
partly eaten ones that were being 
ried about by hawks; and none 
rattlesnake. 

Sutton’s first collection of Mex stay 
bird paintings (a series of sixty he _ 
made direct from life or from fres 
killed specimens) was displayed at 
International Ornithological Congress 
at Rouen and Paris, France, in 1938 
of them (that of a Coppery-tailed T 
gon) being reproduced in 

color in the Proceedings of 1 
Congress and in the Fre 
ornithological maga 
L’ Oiseau. Most 
them have since been dis 
plaved at meetings of the 
Wilson Ornithologi 
Club, and at a one-mi 
show at the American M 
seum of Natural History 
New York City. Reports « 
Sutton’s 1938 and 1939 bird-work 
Mexico have been appearing in 7h: 
Auk, The Condor, the Wilson Bullet 
and the Annals of the Carnegie Mu 
seum of Pittsburgh. He has prepar: 
a semi-popular book on his 1938 wor 
but this is not yet ready for publicatio 

Sutton and Pettingill are old tear 
mates, both of them having participat 
in the memorable hunt for the Harris 
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THIS SPECIES NESTS ON THE RANCH RINCONAD ONE OF MEXICO’S ‘ . 
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Sparrow’s nest at Churchill, M: 


at Cornell together in the ear 
and are, respectively, first vice-p 
and secretary of the Wilson ¢ 
logical Club. Sutton, who is a 
the American Ornithologists’ | 
author of the books ‘‘ Eskimo Y« 
‘*Birds in the Wilderness’ and 
tor of many bird-books, inelue 
Clyde Todd’s recently publishes 
of Western Pennsylvania.”’ P 
one of the outstanding bire 
phers of the country, has conti 
such magazines as Natural His 
fional Geograph ana B d-] 
Other members of the « ( 
probably be Dwain W. Warne 
Dr. Sutton’s graduate students 
nell, and Robert B. Lea, on 


eill’s students at Carleton \l 





AN AUTOMATIC DRIVE FOR THE SCHMIDT TELESCOPE ON 
PALOMAR MOUNTAIN 


DURING the intensive searcl 
novae which was conducted vw 
Schmidt telescope on Palomar M« 
much time was wasted in manual 
ing the telescope. It therefor 
desirable to install an automat 
which would enable us to elin 
ual guiding for exposure times 
thirty minutes 

The new drive, now in use, ¢o1 
a synehronous motor supplie 
power from a_ precise, adjustal 
quency time standard The fre 
of the standard is varied fron 
rate by a calibrated amount to 
sate for the effect of atmospher 
tion and the fact that in pra 
polar axis of the telescope is pe 
the apparent pole rather than t 
pole. 

The time standard,’ shown 

FIG. 1. VIBRATOR UNIT 1A complete description of this t 
OF TIME STANDARD, DIAMETER OF BASE, s given by the inventor, Henry E. W 
14 INCHES. AJI.E.E. Transact s Mareh. 194 
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FIG. 3. STAR AND METEOR SPECTRA 


ANOTHER DIRECT PHOTOGRAPH OF 1 REGION OF 


THE SKY WITH THE TELESCOPE GUIDED AS BEFORE, 
IN WHICH THE STAR-IMAGES \RE SPREAD OUT 
INTO SPECTRA BY A FULL-SIZED PRISM MOUNTED 
IN FRONT OF THE TELESCOPE. THE LONG, BRIGHT 


DIAGONAL TRACE IS DUE TO A BRIGHT METEOR 
THAT FLASHED ACROSS THE FIELD DURING THI 
40-MINUTE EXPOSURI 


tical errors are introduced because of 
the mechanical imperfections of the gear 
train which couples the telescope tube 
with the driving motor. The deviations 
of the drive were determined by observa- 
tions of the excursions of a star from the 
cross hair in the guide telescope attached 
to the main tube. A 24-hour plot (in 
five-minute intervals) revealed the ex- 
istence of a periodic error of 8 seconds 
of arexsin (2nt/T +a). where, if the 
time, t, is measured in minutes, we have 
T=24 minutes, plus some additional 
small and irregular errors. <A_ poten- 
tiometer driven from the telescope gear- 
ing gives a sinusoidally varying voltage 
of proper magnitude, period and phase, 
such that, when this voltage is impressed 
across the rate-adjusting coil of the time 


standard, the periodic error is essent 
removed by alternately driving s 
and faster than the normal rate 

For routine exposures of 30-n 
duration, the procedure has been 
the telescope at the desired posith 
taking the photograph, set the rat 
at the proper value, start the film 
sure, leave the telescope for the exp: 
period and return only to close the s 
ter and to change plates. It is now 
sible for one person to take photog: 
practically continually and vet ha 
the plates developed, marked and 
tially examined by the end of the n 
This speeding up of the work 
Schmidt telescopes should prove part 
larly effective for programs such as 
search for supernovae and commor 
vae, whose early discovery is of in 
tance. 

In Figs. 2 and 3 are reproduced 
larged sections of films which wer 
tained with the 18-inch Schmidt 
scope driven entirely automaticall) 
direct photograph in Fig. 2 shows 
the diameters of the images of the 
est stars are only slightly larger 
30 which is approximately the d 
eter of the limiting photographic i 
Fig. 3 is the enlarged reproductio 
an objective prism photograph obta 
during a 40-minute exposure whic] 
guided entirely automatically b 
the slight increase in the size of the 
ages in Fig. 2 and the slight wideni 
the spectra in Fig. 3 are due to the s 
irregular differences between the mot 
of the telescope tube and the motior 
the stars, differences which still re 
after the average rate of driving is 
correctly and the fundamental peri 
error of the worm gear is automatic: 
compensated for. 

For the classification of spectral t) 
of stars unwidened spectra as tl! 
shown in Fig. 3 are not suitable beca 
of the difficulty of identifying enoug! 
spectral lines. The spectra may « 
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INDIVIDUAL VERSUS 


NATIONAL interest is being 
nm the trial in Washington, D. C., of 
Medical 
harges of violating the 
Trust Act by 
Health 


perative 


centered 


Association on 
Sherman Anti 


‘*boveotting’’ the Group 


Ameriean 


Association, a local medical eo 
The trial, which opened on 
is not expected to end be 
‘e the middle of March, 


and, regard 
ess of the verdict, it will probably exert 


February 5, 


msiderable influence upon the 
medicine in the United States 
The 
was the attitude of the American Medical 


practice 


immediate oceast6n for the trial 


Association and three other medical or 


ganizations towards the establishment of 
the Group Health Association in Wash 
ington. Typical of a number of medical 
cooperatives springing up throughout the 
this group sought 


country, to carry out 


services ot physi 


a plan whereby the 
ans and the facilities of clinies should 
available to sub 


re pooled and made 


scribers on the basis of monthly pay 
The Group Health Association, 


unofficial 


ments. 
originally organized on an 
basis among employees of the federal 
government, $40,000 
from the Home 
Corporation and now has a membership 
if about 3,000. 

The Trust Division of the U. S. De- 
partment of Justice, which is acting as 
this 
medical societies and twenty individuals 


received a loan 


government Owners’ 


prosecutor in accused four 


Case, 


f monopolistic practices in coercing hos- 


tals and individual physicians into re- 


rusinye to 


; 


rOur meadtk 
dictment 
Associat 
District 
Academ\ 


County 


Medical Sox 


; 


teen of the ind 
physicians pract 
while the others 
cials of the Ame 
tion Including 
editor of the Asso 
Dr. Olin West. s 
manager of the Asso 
The alleged ** hoy 
for two vears 
returned ag 
the medical orga 
ments were 
District 
practice 
within the mes L 
Ant Trust Act bu T 
versed in March, 1940 
Court of Appeals, whi 
The | 


refused to 


dictment 
Court 
again, and rem 
District 

The 


were elaborated in the preliminat 


(‘ourt for trial 


ontending 


views oO The 


opening Or thie 


sides lol H 


Lewin, special assistant to the attorney, 


ments made at the 
by attorneys for both 
the defendants of ob 


Health 


general, accused 


structing the organization of the 
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Group and of handicapping its work. 
The District Medical Society, for ex 
ample, was alleged to have sought to 
‘crush and destroy’? the G. H. A. by 
preventing any of its members from 
joining the new elinic’s staff, by ob 
structing attempts to staff the clinic 
with non-members of the society, by per 
sonal attacks on the men who did join 
the staff, and by inducing all the loeal 
hospitals to join in the bovecott by re 
fusing courtesy privileges to G. H. A 
practitioners. He announced that the 
first witnesses on his side would consist 
of well-known liberal surgeons who have 
been prominent in the group health 
movement and who would = stress the 
social advantages of the plan. 

William E. Leahy, counsel for the 
defense, criticized the management of 


the Group Health Association He 
cused its founders of being motiy 
by commercial motives, and said ft] 
was dedicated to the disruption ot 
traditions of the medical profession 
accused the cooperative of seek 
wipe out Opposition to its medic 
nomic theories by undermining 
American Medical Association and 
District Medical Society He 
medical cooperatives of being econ 
cally unsound and unable to pi 
patients with the care the prot 
He denied the allegations that the 1 
ical societies had sought to hamper 
cooperative’s activities. Refusals « 
pitals to allow G. H. A. practitione 
operate in their buildings were stat 
have been motivated solely by a desir 


keep their standards high BL 


NEW AUDITORIUM AT THE COLORADO MUSEUM 


IN the closing vears of the last cen 
tury, in a picturesque log cabin in the 
heart of the Rocky Mountains, a small 
collection of mounted birds and animals” 
was assembled by lovers of the fauna ot 
the West. From these humble begin 
nings the collection rapidly grew until 
it attracted state-wide attention, and in 
1900 it was incorporated as the Colorado 
Museum of Natural History. <A large 
museum building was constructed = in 
1908, with funds supplied by the state 
and by the city of Denver, to house the 
expanding collections of the museum. 
Every ten vears since that date has seen 
the construction of new additions to the 
museum’s plant In 1918 the Standley 
Memorial Wing was constructed, in 1928 
the James Memorial Wing was built, and 
the Phipps Auditorium—the newest ad- 
dition—was begun in 1938. 

The Phipps Auditorium, a new wing 
to the main building of the Colorado 
Museum of Natural History, was opened 
recently in Denver. The dedication 
ceremonies took place on January 11 and 
included speeches by the governor of 


Colorado, the mayor of Denver, tl 
rector of the museum and other d 
taries. 

The wing is named in honor of for 
United States Senator Lawrence Ph 
of Denver, who presented $137,500 
the museum to construct the auditor 
In presenting the gift, Senator P| 
stated that he ‘‘had long appre 
the desirability of a suitable audito: 
which would fulfil cultural needs 
making a common meeting place 
those interested in arts and scien 
A grant of $112,500 by the Public W 
Administration supplemented S 
Phipps’s gift. 

The building, designed by Rola: 
Linder, is 98 feet long and 140 feet 
and seats one thousand people sy 
is provided for a coneert organ and 
stage can accommodate a_ sevent 
piece orchestra The latest type 
standard and 16 millimeter motion 
ture projection equipment has bee 
stalled, so that educational programs 


adults and children may be present 


Motion picture programs have been 











THE PROGRESS OF SCTENCE 


HE PHIPPS AUDITORIUM OF THE COLORADO MUSEUM O} 
WHICH WAS OPENED RECENTLY AND HAS 


anged each Saturday morning for chil tat groups will rey 
lren, and a Sunday afternoon series for 


from localities thi 
idults will include lectures by 


natural and will include 
Islands, the Arct 
tundra, the Bo 
Newfoundland 

cases for habitat brazil A number 


sts, travelers and explorers 


Simultaneously with the construction 


fthe Phipps Auditorium, work has been 
rong forward on new 
croups in the Standley 


‘ 


and James wings groups will be take 


These cases, 1] bird 
iminated with fluorescent lights, 


the main building 


groups, wl } 


will <A group of W.PLA 
ave coneave backgrounds with domed — supervision of ¢ 
lings, and will have plate vlass fronts 


feet high and 13 feet lone The habi 


rach, are now pa 


or 


THE CENSUS 


Iv is said that statistics are dull. They 


; 


tl proy 
0 those who do not realize what the) 


ean. But often they tell an absorb 
ngly interesting story, as do those 


> CON ce the 
uned in the United States Census if 1 


nore than 8.00000 
Whenever we attempt to obtain a p 


lc In 1790 about 5 pel 
of the amazing changes that 


have ation Was rura 
taken place in this country, we 


are vrate ve on farms B 


that the first article of the Constitu- pare 1790 with 1940 
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paring another planet with the earth 
Even since 1900 the changes have been 
astounding Forty vears ago on the 
average about 17.6 persons out of a thou- 
sand died each year ; now only two thirds 
as many. On the other hand, in 1900 
about 30 children were born, on the aver 
age, per thousand of population; now 
fewer than 17. In the eight vears from 
1921 to 1928, inclusive, 2,200,000 more 
children were born than in the eight 
vears beginning in 1929. The decrease 
in the young and the increase in the aged 
are presenting many new problems 
Habits, even food habits, of the people 
of the United States have changed 
greatly. For example, in 1889 the aver- 
age per capita consumption of wheat per 
year was 223.9 pounds; in 1932 it was 
162.2 pounds. The per capita annual 
human consumption of corn in the same 
interval decreased from 117 pounds to 
21 pounds. On the other hand there 
were great increases in the consumption 
of citrus fruits, for example. In 1920 
there were twenty million orange trees; 
in 1935, thirty-nine million. In 1920 


there were three million = era 
trees: mn 1935, thirteen million 
faddists will claim that these ch; 
diet explain the great decline 
death rate, but an analysis will re 
claims, for the greatest redu 
death have been in those of int 
those due to infectious diseases 
those opposed to the eating of me 
be dismaved by the fact that 
capita consumption has decreases 
little. 

Perhaps some of these figures 1 
thought to have a bearing on tl} 
that in 1920 the average value of 


land was $69 per acre and in 1935 


$31. There are, however, hah 


factors, including other habits 


people and international markets 


farm products. <A factor of ma) 
portance is the very great reduct 
both the hours of manual labor 


the percentage of the populat 0} 


unskilled laborers having decreas: 
25 per cent. between 1910 and 1930 


FR 


gaged in manual labor, the percenta 











